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CHEMISTRY. 


BOOK IV. 
OF VEGETABLES. 


VEGETABLES are too well known to require any defi- 
nition. ‘They are perhaps the most numerous class of bodies 
belonging to this globe of,ours: the species already known 
amounting to no less than 30,000, and very considerable ad- 
ditions are daily making to the number. But it is not my in- 
tention in this place either to enumerate, to describe, or to 
classify plants. These tasks belong to the botanist, and have 
been successfully accomplished by the zeal, the singular ad- 
dress, and the indefatigable labour, of Linnaus and his fol- 
lowers. 

It is the business of ‘the chemist to analyze vegetables, to 
discover the substances of which they are composed, to exa- 
mine the nature of these substances, to investigate the manner 
in which they are combined, to detect the processes by which 
they are formed, and to ascertain the chemical changes to 
which plants, after they have ceased to vegetate, are subject. 
Hence a chemical investigation of plants comprehends under 
it four particulars: 1. An account of the different substances 
found in the vegetable kingdom. 2. An account of the com- 
position and properties of the different parts of vegetables; as 
the leaves, the bark, the seed, &c. These must be composed 
of combinations of the various substances described under the 
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Book 1v. first head. 3. An account of the vegetation of plants, as far 
—~ as it can be illustrated by chemistry. 4. An account of the 


Chap. I. 


changes which plants undergo after they cease to vegetate. 
These different heads shall form the subject of the four fol- 


lowing chapters. 


CHAP. I. 


OF THE INGREDIENTS OF PLANTS. 


Te substances hitherto found in the vegetable kingdom, 


- all of them at least which have been examined with any 


degree of accuracy, may be reduced under five heads: I. 
Substances soluble in cold water. II. Substances insolu- 
ble in cold water, but partially soluble in hot water, at 
least in certain states. III. Substances which melt when 
heated (if not already fluid) and which burn like oils. ‘They 
are insoluble in water; but most ofthem are soluble in alcohol. 
IV. Substances neither soluble in water, alcohol, nor ether, 
and which have a fibrous or woody texture. V. Substances 
which belong to the mineral kingdom, which occur only in 
small quantity in vegetables, and may therefore be looked 
upon as extraneous or foreign. ‘The following table exhibits 
a‘view of the different vegetable substances hitherto discovered, 
arranged under their respective heads: 


I. 1. Acids. 5. Indigo. 
2. Sugar. 6. Gluten. 
3. Sarcocoll. 7. Pollenin. 
4, Gum. 8. Fibrin. 
5. Mucus. ne III. 1. Fixed oil. 
6. Jelly. 2. Waxu 
7. Ulmin. 3. Volatile oil. « 
8. Colouring principles. 4, Camphor. 
9. Bitter principles. 5. Birdlime. 
10: Nicotin. 6. Olivile. 
11. Extractive. 7. Resins. 
12. Emetin. 8. Guaiacum. 
II. 1. Asparagin. 9. Balsams. 
2. Cerasin. 10. Gum-resins. 


3. Inulin. fi 11. Caoutchouc. 
4, Starch. 
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3 


LV. 1. Cotton. V. 1. Acids. Chap. { 
2. Suber. 2. Alkalies. ens eg 
8. Medullin. 3. Earths. 
4. Fungin. . 4. Metals. 
5. Lignin. 


The properties of these different substances form the sub- 
ject of the following sections : 


SECT. I. 
OF ACIDS. 


TueE combustible or vegetable acids found ready formed in 
plants are the following: 


1. Acetic. 8. Meconic. 

2. Oxalie. | 9. Benzoic. 

3. Tartaric. 10. Hydrocyanic. 
4, Citric. 11. Kinic. 

5. Moroxylic. 3 12. Gallic. 

6. Boletic. 13. ‘Tannin. 

7. Malic. 


1. Acetic acid is easily detected by its peculiar odour, and Acetic. 
by the compounds which it forms with the alkalies and earths, 
It has been found by Vauquelin in the sap of different trees 
which he examined, and likewise in the acid juice of the cicer 
arietinum, which consists of oxalic acid, malic acid, and a 
little acetic acid.* Scheele obtained it from the sambucus 
nigra.t 

It has been found also in the following plants: 

Phoenix dactilifera.+ Rhus typhinus. || 


Gallium verum.§ 


2. Oxalic acid is easily detected and distinguished by the oxalic, 
following properties: It decomposes .all edlcarenne salts, and 
forms a lime a salt insoluble in water. It readily crystal- 
lizes. Its crystals are sheet stares prisms. It is totally de- 
stroyed by heat. 


Oxalic acid was first detected in vegetables by Scheele. It pants cov- 


exists in the state of binoxalate of potash in the leaves of the tele 


oxalis acetosella, oxalis corniculata, and different species of 


* Jour. de Phys. li. 362. f Ann. de Chim. vi. 13. 
+ Fourcroy, as quoted by John, Chemische tabellen der Pflanzenana- 


ysen, p. 53. § Schrader, Ibid. || John, Ibid. 
B2 . 
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nook v, 72mex,s and likewise in the geranium acidum. In the root of 
——“__ rhubarb Scheele found it in the state of oxalate of lime; and 


. Tartaric. 


Deyeux, Dispan, and Vauquelin, have observed it uncom- 
bined in the liquid which exudes from the cicer parietinum. 
Scheele detected the presence of oxalate of lime in a variety 
of roots and barks besides rhubarb. He reduced the sub- 
stances to be examined to powder or thin slices, digested them 
for two hours in diluted muriatic acid, and dropped ammonia 
in excess into the filtered solution. If the oxalate was present, 
the liquid became gradually milky, and deposited it. The 
following is his table of the roots and barks from which he ob- 
tained this salt :* 


1. ROOTS. 
Alkana.  Vincetoxicum. Saponaria. 
Apium. Lapathum. Scilla. 
Bistorta. ° Liquiritia. Sigillum salomonis. 
Carlina acaulis. © Mandragora. ‘Tormentilla. 
Curcuma. Ononis. Valeriana. 
Dictamnus albus. Iris florentina. Zedoaria. 
Feeniculum. Iris nostras. Zingiber. 
Gentiana rubra. 

II. BARKS. 
Berberis. Cassia caryophyllata. Quassia. 
Cassia fistularis. China. Quercus. 
Canella alba. —-_ Culilavan. Simaruba. 
Cinnamomum. Frangula. Lignum sanctum. 
Cascarilla. Fraxinus. Ulmus. 


Oxalic acid has been found likewise united to potash, lime, 
or magnesia, in 
Spinacea oleracea.t 
Lichnis dioica. + 
' Atropa belladonna. ¢ * 


3. Tartaric acid is known by the following properties : 
When a little potash is cautiously dropped into a solution 
containing it, common tartar is formed, and precipitates to: 
the bottom. ‘Tartaric acid does not decompose the sulphate, 
nitrate, or muriate of lime. Tartrate of lime is insoluble 


* Crell’s Annals, iii. 2. English Trans. 
+ Braconnot, John, Chemische tabellen der Pflanzenanalysen, p. 52. 
} Melandre, John, ibid. p. 54. 
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in water. Tartaric acid crystallizes. Its crystals are long Chap. 1. 
slender prisms. It is destroyed by heat. oad 
Tartaric acid has been found in the following vegetable picnic ti 
substances: anna 
Pulp of the tamarind.* 
The juice of grapes. 
Rhus typhinum.+ 
Vaccinium oxycocos.{ 
Rheum raponticum.§ 
Morus alba. | 
Rhus corearia.** 
Pinus sylvestris. + 
Pinus abies.+ 
Pinus larix.t 
Sium sisarum.++ 
Triticum repens.|| 
Leontodon taraxicum.|| 
4, ‘Citric acid is distinguished by the following properties : Citric. 
It does not form tartar when potash is added toit. With 
lime it forms a salt insoluble in water, which is decomposed 
by sulphuric, nitric, and muriatic acids. It readily crystal- 
lizes.. It is destroyed by heat. 
Citric acid has been found unmixed with other acids in the ptants con- 
following vegetable substances :{} fem 


The juice of oranges and lemons. 
The berries of vaccinium oxycoccos, cranberry. 
vitis idea, red whortleberry. 
Pruuus padus, birdeherry. 
Solanum dulcamara, nightshade. 
Rosa canina, hip. 

It occurs mixed with other acids in many other fruits. Ci- 
trate of lime exists also in the onion. 

5. Moroxylic acid has been hitherto found only in the bark Moroxyiic. 
of the morus aloa, or white mulberry. For its vicki 
properties I refer to vol. 11. p. 152. 

6. Boletic acid has been hitherto found only in the Baldi Boletic: 
pseudo igniarius. For its characters I refer to vol. il. p. 155. 


* Vauquelin, Ann. de Chim. v. 92. + John, ibid, p. 50. 
{ Bindheim, Crell’s Annalen, 1787, p. 557. ok 
§ Bindheim, ibid. 1788, ii. 42. || Hermbstadt. 

** Trommsdorf and Gren, John, ibid. 50. j 


+t Margraaf, John, ibid. p. 54. 
ti Scheele, Crell’s Journ. ii. 8. Eng. Trans. 
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poktv. 7+ Malic acid is known by the following properties: it forms 
—— with lime a salt soluble in water, which is decomposed by citric 


alic. p “ ; é esata 
ig acid. It does not form tartar with potash. It is incrystal- 
lizable. Heat destroys it. 
Plantseone Malic acid has been found by Scheele* in the fruits of the 


taining it~ following plants, which contain no other acid: 


Apples. 
Berberis vulgaris, barberry. 
Prunus domestica, plum. 
spinosa, sloe. 
Sambucus nigra, elder. 
Sorbus aucuparia, roan or service. 


Plantseon- In the following fruits he found nearly an equal quantity of 


taining citric . otis ¥ : 
sa waite malic and citric acids:t 


ie Ribes grossularia, gooseberry. 

—— rubrum, currants. : 
Vaccinium myrtyllus, Sleaberry. 

Crategus aria, beam. 

Prunus cerasus, cherry. 

Fragaria vesca, strawberry. 

Rubus chamemorus, cloudberries, evrochs. 
——. idseus, raspberry. 


Malic acid has also been found in the agave americana, ¢ 
and in the pulp of tamarinds.§ In the first of these it is mixed 
with tartaric acid; in the second with tartaric and citric acids. 
Vauquelin has lately detected it in the state of malate of lime, 
in the following plants: 
Sempervivum tectorum. 
Sedem album, acre, telephium. 
Arum maculatum. | 
Different species of crassula and mesembrianthemum. | 


It has been found likewise in the following plants chiefly 
combined with lime or potash: 


Bromelia ananas.** Delphinium elatum. 

Ruta graveolens. ++ Portulaca oleracea. 

* Scheele, Crell’s Jour. ii. 8. Eng. Trans. | + Ibid. \ 
+ Hoffman of Weimar. « § Vauquelin. Ann. de Chim. v. 92. 


|| Vauquelin, Ann. de Chim. xxxv. 153. 

** Adet, Ann. de Chim. xxv. $2. 

tt Braconnot, Ann. de Chim. lxv. 277. To him likewise we are indebted 
’ for all the other plants contained in the table. 


’ 


ACIDS. 4 
-Eupatorium cannabinum. .  Cheerophyllum sylvestre. Chap, I. 
Eupatoriu abinu phy y 


Nicotiana rustica. _ Acteea spicata. 
Mirabilis Jalappa. Brionia alba. 

_ Tropceolum majus. Syringa vulgaris. 
Ricinus communis. | Valeriana officinalis. 
Trifolium melilotus. Spinacea oleracea. 
Rubia tinctorum. Staphylea pinnata. 
Reseda luteola. Sambucus ebulus. 


8. Meconic acid has been hitherto found only in opium, Meconie. 
But it is not unlikely that it exists in the milky juice of the 
different species of dactuca, particularly the virosa. For its 
characters the reader is referred to Vol. ii. p. 158. 

9. Benzoic acid is distinguished by its aromatic odour, and Beazoie. 
its volatility on the application of a very moderate heat. It 
has been found hitherto only in a few vegetable substances, to 
which the French chemists have confined the term balsam. 
These are, benzoin, balsam of tolu, storax, &c. It has been 
detected likewise in the following plants: 


Origanum majorana.* Fungi.|| 

Salvia sclarea.+ Trifolium melilotes officinalis. 
Epidendron vanilla.t Tonkin bean.** 

Cicer arietinum.§ 


10. The smell and the property of forming Prussian blue with nyaroey- 
the oxygenized salts of iron are sufficient to characterize the *"~ 
hydrocyanic acid. Ever since Scheele pointed out the method 
of procuring this acid in a separate state, the similarity be- 
tween its smell and the odour of bitter almonds, peach blos- 
soms, and other vegetable substances, did not fail to be re- 
marked: but it was not till about the year 1802 that Bohn 
observed a similarity between the taste of hydrocyanic acid 
and the water distilled from bitter almonds; and that when 
this water was mixed with potash, it acquired the property of 
precipitating iron solutions blue. These results were con- 
firmed soon after by Schreeder, who succeeded also in ob- 
taining prussian-blue, by the same means, from the distilled 
waters of lawrocerasus leaves and peach blossoms. When lime 

* Gottling, as quoted by John, Tabellen, p.52. But he thinks that 
Gottling mistook camphor for benzoic acid. 


+ Braconnot, Ann. de Chim. Ixv. 285. 
+ John, Tabellen, p. 53. 


§ Proust, Ann. de Chim. xxxvi, 273, and xlix. 181. 
\| Ibid. 


** Vogel, Annals of Philosophy. xvi. 227. 
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is added to the concentrated waters of these substances, there 
is formed a prussiate of lime; for when the liquid is mixed 
with a salt of iron, prussian blue precipitates the instant that. 
another acid is added. When these waters are distilled off 
pure potash, a prussiate of potash remains, and even crystal- 
lizes, The water that comes over contains no hydrocyanic 
acid. When distilled with ammonia, no prussian ley is ob- 
tained.* 

This discovery was soon after verified by the experiments 
of Gehlen, Bucholz, and Vauquelin. Bucholz found that hy- 
drocyanic acid was contained in the essential oil of bitter al- 
monds, and that it could be separated by means of fixed . 
alkalies, but not by ammonia.t Vauquelin obtained hydro- 
cyanic acid by distilling water off the kernels of apricots in a 
water bath. The liquid, when mixed with sulphate of iron, 
and a little ammonia added, yields a precipitate only partially 
soluble in sulphuric acid. The residuum is green, but be- 
comes blue when boiled. Hence Vauquelin supposes that the 
hydrocyanic acid in these bodies is in a peculiar state. 
Schreeder has since obtained hydrocyanic acid from the flow- 
ers of the sloe (prunus spinosa,) and the leaves of the bay-leaved 
willow (salix pentandra.)§ It cannot be doubted that almost 
all the bitter-tasted kernels contain this acid. 

11. Kinic acid has been hitherto found only in the bark of 
the cinchona officinalis, where it occurs combined with lime. 
For its characters, see vol. ii. p. 179. 

12. Gallic acid is known by the following properties: with 
the red oxide of iron it produces a black colour. It is crys- 
tallizable. Heat destroys it. It has been found in a great 
number of plants, chiefly in the bark. ‘The following table, 
drawn up by Mr. Biggin,|| will serve to show the relative 
proportions of this acid in different plants : 


1 Lr RE EPR IM i: SI of IH: 8 TM WMANOW (tCONK). ove 00 ccc 9 
Oak cut. winter. 455 018 pa eyeIOEG Anita ss.n.0 0 cle e548 
Horse chesnut. ...... OPA SRSA 30 ACL Ai Be ee. 
SOR CH eleuace we cue sera tets oy fe 4p  RAMIBEE VETOES cole #0 30g Pyrite i 
Willow (boughs). ...... Go, ULL Wee fae ca oh 6 0 ete wee 8 
Milder ips oF. Ue ee 3 a Alte UGCA Holts) e's "a a's chee 8 
Plum-tree’ ........000. 3. PE ODIAR Gemaa tis» PU at tu = 

* Jour. de Phys. lvi. 224. + Gehlen’s Jour. i. 78. 

$ Ann. de Chim. xlv. 206. § Gehlen’s Jour. i. 394, 


Ij Nicolson’s Jour, 111. 394. 
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Hazel. .....0.eee00-+ 9 Oak cut in spring. ......10 bbagiay 
Ash ............+...10 Huntingdon or Leicester 1 
Spanish chesnut ......10 ea std eiatae re a . 
Smooth oak vise... 10 Sindich Wi aien Scr cee ae 


13. ‘Tannin, like most other vegetable substances, seems to Species of 
be susceptible of different modifications. The following are cian 
the different species of tannin which have been hitherto no- 
ticed. 

(1). Tannin from nutgalls. This is the common species From nut- 
described in this Work under the name of tannin. It preci- a 
pitates iron black, and forms a firm insoluble brown precipi- 
tate with glue. The bark of oak, and most other astringent 
trees in this country, are ine at present to contain this 
species of tannin. 

(2). The tannin which constitutes so large a proportion of Catecha, 
catechu forms the second species. Its peculiar nature was first 
observed by Proust. It was afterwards more particularly ex- 
amined by Davy. It forms with an iron an olive-coloured 
precipitate. 

(3). The tannin of kino constitutes a third species. This Kino, 
substance is obtained from different vegetables. It was origi- 
nally imported, as is supposed from Africa ; but at present the 
common kino of the shops is, according to Dr. Duncan, an 
extract from the coccoloba urifera, or sea-side grape, and is. 
brought chiefly from Jamaica. But the finest kino is the pro- 
duct of different species of eucalyptus, particularly the resinifera 
or brown gum tree of Botany Bay.* It is an astringent sub- 
stance of a dark red colour, and very brittle. It dissolves 
better in alcohol than water. ‘The solution in the latter liquid 
is muddy; in the former transparent, and a fine crimson if 
sufficiently diluted. It throws down gelatine of a rose-colour, 
and forms with salts of iron a deep-green precipitate, not al- 
tered by exposure to the air. ‘These properties, first observed 
by Dr. Duncan, and afterwards by Vauquelin, show that it 
contains abundance of tan, but in a particular state.t 

(4). The fourth variety of tannin is contained in swmach. sumack, 
This is a powder obtained by drying and grinding the shoots 
of the rhus coriaria ; a shrub cultivated in the southern parts of 
Europe. The tan, which it contains in abundance, yields a 


* Nicolson’s Jour. vi. 234. + Ann. de Chim. xlvi. 321. 
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BookIV. precipitate with gelatine, which subsides very slowly, and re- 
mains in the state of a white magma without consistence. 


Fustice 


(5). The fifth variety, according to Proust, is to be found 
in the wood of the morws tinctoria, or old .fustic as the British 


dyers term it. ‘This wood gives out an extract both to alco- 


hol and water, which yields a precipitate with gelatine. 


lution of common salt is sufficient to throw it down.* 

Tannin affects particularly the bark of trees; but it exists 
also in the sap and in the wood of a considerable number, and 
even in the leaves of many. It is very seldom that it exudes 
spontaneously ; yet this seems to be the case with a variety of 


kino from Botany Bay, which I have examined.+ 


A so- 


It has been ascertained by Mr. Biggin,t that when the barks 
of trees are examined at different seasons they vary in the 
quantity of tan. The quantity varies also with the age and 
size of the trees.§ The greatest proportion of tan is contained 
in the inner bark.|| The epidermis usually contains none. 

The following table exhibits the proportion of solid matter 
extracted by water from different vegetable substances, and the 
quantity of tan contained in that solid matter, as ascertained 


by the experiments of Davy. 


ialoiten of Solid Matter, Tan. 
Grains.. Grains. 

Table of the White inner. bark of old oak:........06.08 108 sues 72 
naeAAEOS young oak aleiy.es sell bse sae 27 
plants. = —-_____-—-——-—__——. Spanish chesnut...... 69 .... 63 
Mio al oe Leicester willow .....6:117 J.s.5 79 
Coloured or middle bark of oak............ 43 °.... 19 
Spanish chesnut... 41 .... 14 

Matsa eo Leicester willow... 34 .... 16 
Entire bark of oak........ embed. Vietlees oul gel Saher ae 
Spanish chesnut ....ee.-.008 35) enn. DI 

ame es Leicester willow «sida aie t 7 cai hee 

aa als POL gs os a alk Bes glial end eh ibis aime ole tuek Lhe 
common’ willow <:éwetex baie. preel at 11 

Sicilian sumach#iiisisic wus o.cudgih gah ho dows IGS elena mnie 
Malaga stmiael cicio. oe sided Mb Midas eels TDGAE. REZ 
Bouchoup tea /sisiivs. jarais ills ws al UA eeW clei vrort anak aS 

ARGON Lal iie whieh viel oldie it aiolend aie dda metered ca Gen wk Gers eee ha 

* Proust, Ann. de Chim. xlii, 94. + Annals of Philosophy, i. 163. 


t Phil. Tran. 1798, p. 299. § Davy, ibid. 1803. 


|| Davy, ibid, 
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' Chap. I. 


Seale 


SuGar, which at present forms so important an article in History. 


our food, seems to have been known at a very early period to 
the inhabitants of India and China; but Europe probably 
owes its acquaintance with it to the conquests of Alexander the 
Great. The word saccharon occurs in Pliny* and Dioscorides.} 
They describe it asa white brittle solid, which exuded sponta- 
neously from a species of reed. From the description, it does 
not appear that the sugar known to the ancients was similar 
to our sugar; but their account is so imperfect that little can 
be collected from it.t For ages after its introduction into the 
West, it was used only as a medicine; but its consumption 
gradually increased ; and during the time of the Crusades, the 
Venetians, who brought it from the East, and distributed it to 
the northern parts of Europe, carried on a lucrative commerce 
with sugar. It was not till after the discovery of America, 
and the extensive cultivation of sugar in the West Indies that 
its use in Europe, as an article of food, became general.§ 
Sugar was formerly manufactured in the southern parts of 
Europe; but at present almost the whole of our sugar is pro- 
duced in the East and West Indies. The plant from which it 
is produced is the arundo saccharifera, or sugar cane. Other 
plants indeed contain it; but not in such abundance. In North 
America, however, it is extracted from the acer saccharinum or 
sugar maple, but in too small quantity for exportation. At- 
tempts have been lately made to extract it from the beet. 


* Lib. xiic. 8. 
+ De Medica Materia, lib. ii. c. 104, or, in some copies, c. 74. 


{ See Beckmann’s Historia Sacchari. Commentationes Soc. Reg. Got- 


tingensis, 1782, vol. v. p. 56. 
_ § See Falconer’s Sketch of the History of Sugar, Manchester Memoirs, 
iv. 291; and Mozeley’s History of Relays 
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Manufac- 


INGREDIENTS OF PLANTS. 


1. The method of making sugar practised in Indostan is 
exceedingly simple, and requires little or no expensive appa- 


ture ofsnzar ratus. The soil chosen is a rich vegetable mould, in such a 


in Indostan. 


situation that it can be easily watered from the river. About 
the end of May, when the soil is reduced to the state of soft 
mud, either by rain or artificial watering, slips of the cane, 
containing one or two joints, are planted in rows about four 
feet from row to row, and eighteen inches asunder in the rows. 
When they have grown to the height of two or three inches, 
the earth round them is loosened. In August small trenches 
are cut through the field to drain off the rain, if the season 
prove too rainy; and to water the plants, if the season prove 
too dry. From three to six canes spring from each slip set. 
When they are about three feet high, the lower leaves of each 
cane are carefully wrapped round tte and then the whole be- 
longing to each slip are tied to a strong bamboo eight or ten 
feet high, and stuck into the earth in the middle of them. They 
are cut in January and February, about nine months after the 
time of planting. They have now reached the height of eight 
or ten feet, and the naked cane is from an inch to an inch and 
a quarter in diameter. They have not flowered. When this 
happens, the juice loses much of its sweetness. The newly 
cut canes are put through the rollers of a mill, and their juice 
collected into large iron boilers, where it is boiled down smartly 
to a proper consistence, the scum being carelessly taken off. 
The fire is then withdrawn, and the liquid by cooling becomes 


thick. It is then stirred about with sticks till it begins to take 


the form of sugar, when it is put in mats made of the leaves 


of the palmira tree (borassus flabelliformis), and the stirring. 


continued till it is cold.* This process yields a raw or pow- 
dered sugar; but it is clammy, and apt to attract moisture from 
the atmosphere, because the acids in the juice have not been 
removed. By the addition of quicklime to the juice in the pro- 
portion of about three spoonfuls to every 14 gallons, the sugar 


loses this property. -The impure sugar prepared by this me- 


thod is called jagary. Every three quarts of juice, or every 
six pounds, yield about one pound of sugar. From an acre 
of ground about 5000 pounds of sugar, and consequently about 
30,000 pounds of juice are obtained. 


* See Dr. Roxburgh’s Account of the Hindoo method of cultivating the 
Sugar Cane, Repertory, ii. 425, Second Series; and Tennant’s Indian 
Recreations, il. 31. 
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2. In the West India islands the raising of sugar.is much Chap. 1. 

more expensive, and the produce much less, owing to the high qn the West 
price of labour; or, which is the same thing, to the nature of ™4* 
the labourers, and to the inferiority of the soil. The juice ex- 
tracted by passing the cane twice between iron rollers is 
received in a leaden bed, and thence conducted into a receiver. 
Here it cannot be allowed to stand above 20 minutes without — 
beginning to ferment. Therefore, as soon as collected, it is 
run into a flat copper cauldron, called a clarifier, capable of 
holding 400 gallons or more. Here it is mixed with a quan- 
tity of lime. The maximum used is a pint of lime to every 
hundred gallons; but in general much less will sérve. Fire is 
immediately applied, and the juice heated to the temperature 
of 140°. The fire is then extinguished. A thick viscid scum 
forms upon the top, which remains unbroken, and the clear 
liquid is drawn off from under it by a cock or syphon, and in- 
troduced into a large copper boiler. _ Here it is boiled briskly ; 
the scum, as it forms, being continually removed by large 
scummers. When the bulk of the liquid is sufficiently dimi- 
nished, it is introduced into a second boiler, and the boiling 
and scumming continued as before; lime-water being some- 
times added, if the liquid does not appear clear. From the 
second copper it passes into a third; and from that to a fourth, 
where the very same process is. continued. ‘This last copper 
is called the teache. When by continued evaporation it has 
become sufficiently concentrated, which is judged of by its 
viscidity, it is withdrawn from the fire, and introduced into 
the cooler. ‘This is a wooden vessel about 11 inches deep, 
seven feet long, and from five to six wide. As it cools it crys- 
tallizes or grains, forming an irregular mass separated from 
the uncrystaliized syrup or melasses. From the cooler it is 
taken and put into empty hogsheads, having holes in the bot- 
_ tom; through each hole the stalk of a plantain leaf is thrust, 
long enough to rise above the top of the hogshead. Through 
these holes the melasses drain intoa receiver. In about three 
_ weeks the sugar becomes tolerably dry and fair, and the pro- 
cess is finished. ‘The sugar in this state is sent to Britain, 
under the name of muscovado or raw sugar.* A gallon of the 
raw juice yields at an average about a pound of raw sugar.+ 

In the French West India islands the process is somewhat 


* Edwards’s History of the West Indies, ii. 222. 
+ Ibid. p.'224. 
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Book IV. different. From the cooler the inspissated juice is poured into 


In North 
America. 


conical-shaped pots with the point undermost. As soon as it 
has become solid, a plug is withdrawn from the point of the 
cone, and the melasses suffered to drain. When no more will 
drop, a stratum of clay moistened with water is laid upon the 
top of the sugar. The water from this, slowly penetrating the 
sugar, carries down the remains of the melasses. Sugar treated 
in this way is called clayed sugar. The process is said to have 
been discovered by accident. A hen having her feet dirty had 
gone over a pot of sugar, and the sugar under her tread was 
found whiter than elsewhere. By laying, the sugar loses 
about one-third of its weight; but a considerable portion of 
the loss may be obtained by boiling down the juice that runs 
off. The process is not considered as so profitable in the 
British islands as the one which is usually followed.* 

3. In North America the farmers procure sugar for their 
own use by a still simpler process, from the sap of the acer 
saccharinum, or sugar maple tree, which abounds in the woods. 
It reaches maturity in about 20 years, and is then from two to 
three feet in diameter. In February, March, and April, the 
tree is bored with an auger to the depth of about 2 inch, and 
in an ascending direction. The hole is then deepened to two 
inches. A wooden spout is introduced into the hole to direct 
the flow. The sap flows from four to six weeks. When it 
ceases on the south side, the north side is bored. ‘This process 
does not injure the tree; but on the contrary improves it. An 
ordinary tree yields in good seasons from 20 to 30 gallons of 
sap; from which are made from five to six pounds of sugar; 
or every forty pounds of sap yields about a pound of sugar ; 


so that it is not one-sixth so rich as the Kast India sugar 
cane. 


The sap ought never to be kept longer than twenty-four | 


hours after it is procured from the tree. It is improved by 


straining through a cloth. It is put into large flat kettles, 
mixed usually with quicklime, white of egg, and new milk. 
A spoonful of slacked lime, the white of one egg, and a pint 
of new milk, is sufficient for fifteen gallons of sap. A little 
butter is added to prevent the sap from boiling over. When 
boiled down sufficiently, it is allowed to grain, or form into — 


* Edwards’s History of the West Indies, ii. 232. 
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small crystals, which constitute raw sugar, and then purified Chap.t. 
in the usual manner.* aur emu 

4. The raw sugar imported into Europe is still farther py- Reining of 

rified. It is dissolved in water, mixed with lime, clarified by “""" 
means of bullock’s blood, boiled down to a proper consistency, 
_ scumming off the impurities as they rise to the top, and then 
poured into unglazed conical earthern vessels, where it is 
allowed to grain. ‘The point of the cone is undermost, and 
perforated to allow the impurities to separate. The base of 
the cone is covered with moist clay; the water of which gra- 
dually filters through the sugar, and displaces a quantity of 
impure liquid. The sugar thus purified is called loaf sugar. 
When redissolved and treated in the same way a second time, 
it is called refined sugar. ‘This process appears to have been 
first practised by the Venetians. 

5. In the East Indies, where they make very pure sugar, How refed 
their process is remarkably simple and economical, but tedious. ate NR 
An account of this process, as practised about Aska and Ba- 
rampour, has been given by Mr. Anderson, surgeon of the 
Madras establishment. The cane juice is first strained, and 
then boiled with a little lime to the proper consistency for 
graining. It is afterwards put into small earthern pots with 
mouths six inches wide, and allowed to remain at least a month: 
sometimes six or eight months. A hole is then made in the 
bottom of the pots, and the liquid syrup suffered to run off 
from the crystallized sugar. The sugar is put upon a cloth and 
squeezed, being occasionally moistened with water, the better to 
remove the remains of the syrup. It is then dissolved in water, 
and boiled a second time to the proper consistency; milk and 
some water being added from time to time in order to clarify it, 
and the scum being removed as it rises. It is poured into small 
wide-mouthed pots, suffered to crystallize, and a hole bored 
in the bottom of the pots to allow the remains of the syrup to 
ran off. To whiten the sugar, the tops of the pots are covered 
with the leaves of the creeping vine; and these are renewed 
every day for five or six days. When pnre sugar candy is 
_ wanted, the sugar thus obtained is dissolved in water again, 
and the same process of boiling with milk and scumming is re- 
peated. When poured into pots, thin slices of bamboo are 
introduced, which prevents it from running into lumps, and 
induces it to form large crystals. 


\* 


'* See Dr. Rush’s Account of the Sugar Mapie Tree, Amer. Trans, ili. 64. 
+ Phil. Mag. xxi. 272. 
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6. According to Dr. Higgins, who went to the West Indies 
on purpose to examine the manufacture of sugar, the juice of 
the sugar cane contains a great number of bodies; but the 
most important of them (not reckoning sugar and water) are 
those which he calls herbaceous matter and melasses acid. Con- 
cerning the nature of these substances nothing very precise 1s 
known; but the great object of the manufacturer is to remove 
them, as they impede the crystallizing of the sugar. The her- 
baceous matter * is partly held in solution by the water, partly 
by the carbonic acid. “When the liquid is heated to 140°, the 
carbonic acid is disengaged, and the herbaceous matter sepa- 
rates in flakes of an olive-green colour. This produces the 
scum. Lime facilitates the separation, partly by abstracting 
the carbonic acid, and partly by forming an insoluble com- 
pound with the herbaceous matter. Hence its use in the first 
part of the process., It is called temper by the manufacturers. 
Too much is injurious in the first part of the process. It re- 
dissolves the herbaceous matter, or at least deepens the colour 
of the syrup.t 

This nature of the melasses acid is not better known than 


that of the herbaceous matter; but it combines with the sugar, 


and forms an uncrystallizable syrup. Lime is necessary in 
the last part of the process to remove this acid; it combines 
with it, and the compound runs off with the syrup during the 
graining of the sugar.{ This acid is no doubt that which 
exists in unripe canes, and the quantity of it of course di- 
minishes as the cane improves in quality. I have been in- 
formed by my friend Dr. Clarke of Dominica, that the quan- 
tity of lime necessary is much less when the canes are rich 
and ripe than when green or lodged, or when they have been 
cut some time before they are bruised in the mill: and that 
he has known the juice of rattoon rich canes boiled down | 
into permanent crystals of sugar without the assistance of any 
lime. He substituted potash instead of lime; but found that 
the sugar obtained by this method was liable to deliquesce. 
Soda made the grain firmer, but smaller than usual. These’ 
facts would lead to a suspicion that the melasses acid is either 


* This is probably a different substance from any that we know at pre- 
sent. It seems to possess many properties in common with gluten. Dr. 
Higgins says that it agrees in its properties with the dregs of refined indigo. 

+ See Higgins’ Observations, Phil. Mag. xxiv. 308. 

$ Ibid. 
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the acetic or the citric. Dr. Clarke’s experiments should ex- chap. 1. 
clude the oxalic, tartaric, and malic acids. 

These observations of Dr. Clarke agree very well with the 
account of Dutrone, who made a very great number of expe- 
riments on sugar cane juice, and was very well acquainted 
with its properties. According to him it chiefly consists of 
sugar, extractive, and two different kinds of fecula, which are: 
precipitated by lime. He endeavours to prove that unaltered 
juice contains no acid, and his experiments are sufficient to 
convince us that the quantity of acid is at least very minute.* 

Dutrone’s experiments were performed before vegetable 
chemistry had made nearly the progress which it has now 
reached. Hence it is difficult, from his description, to re- 
cognise the substances which he found in sugar-cane juice. 
But this loss has been supplied by the experiments of Proust. 
Living in Spain where the sugar-cane is still cultivated, he 
had an opportunity of examining its juice. He found it to 
contain gluten or green fecula, gum, extractive, malic acid, 
sulphate of lime, and two species of sugar; namely, common 
sugar, and a species which is incapable of crystallizing, and 
can only be exhibited in the state of syrup, and which, for 
that reason, he calls liquid sugar. ‘The quantity of acid was 
very minute, and probably in a warmer climate than Spain its 
quantity would be still smaller.+ 

According to Dutrone, sugar-canes give about half their 
weight of juice, the specific gravity of which varies from 1:033 
to 1:106. It is at first opaque, but when the feculent matter 
has precipitated, it becomes transparent, and of a green co- 
lour. When allowed to stand for some time it runs into 
acidity, but if the feculent matter be removed it undergoes 
the vinous fermentation. 

7- Sugar procured pure by the preceding methods has a Properties. 
very strong sweet taste, but no smell. Its colour is white; 
and when crystallized it is somewhat transparent. It has often 
a considerable degree of hardness; but it is always so brittle 
that it can be reduced without difficulty to a very fine powder. 
When two pieces of sugar are rubbed against each other in 
the dark, a strong phosphorescence is visible. 

Sugar is not altered by exposure to the atmosphere, except- 
ing only that in damp air it absorbs a little moisture. 


* Histoire dela Canne. Premiere Partie, chap, vi. and vii. 
+ Ann. de Chim, lvii. 148. 
VOL. IY, € 
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BookiIv. 8. It is exceedingly soluble in water. At the temperature 
Solubility Of 48° water, according to Mr. Wenzel, dissolves its own 


in water’ weight of sugar.* The solvent power of water increases 
with its temperature; when nearly at the boiling point, it 
is capable of dissolving any quantity of sugar whatever. 
Water thus saturated with sugar is known by the name of 
Syrup. 

Syrup. Syrup is thick, ropy, and very adhesive; when spread thin 
upon paper, it soon dries, and forms a kind of varnish, which 
is easily removed by water. Its specific caloric, according to 
the experiments of Dr. Crawford, is 1:086. When syrup is 
sufficiently concentrated, the sugar which it contains may be 
obtained in crystals. The syrup is boiled down till it is thick, 
poured immediately into pans, and kept in a stove or room, 
heated so as not to be supported by animals for any length of 

Crystals. time. ‘The crystals concrete upon small threads placed in 
the pans for that purpose.t The primitive form of these 

: crystals is a four-sided prism, whose base is a rhomb, the 
length of which is to its breadth as 10 to 7, and whose height 
is a mean proportion between the length and breadth of the 
base. ‘The crystals are usually four or six-sided prisms, ter- 
minated by two-sided, and sometimes by three-sided summits. 
From the experiments of Berzelius.they are composed of 


Real sugar... . 100 
Water 2.0028, 56 


105°6§ 


Bpecific 9. The specific gravity of very white sugar, according to 
Hoe the experiments of Fahrenheit, is 1:6065; |] according to | 
Hassenfratz, it is 1°4045.** JT have found it 1°5629. 
10. Sugar, as far asis known, is not acted upon by oxygen | 
gas. ‘The effect of the simple combustibles on it has not 
been tried; but it does not appear to be great. Azotic gas 
nor the metals have no sensible action on it. | 
11. From the recent experiments of chemists it appears. 
that sugar is capable of combining with and neutralizing both 
acids and alkaline bodies. 
Action of —§ Sulphuric acid and muriatic acid act upon it with consi- 


acids on. 


* Verwandtschaft, p. 308. ‘t Lewis, Neuman’s Chemistry, p. 329. 
+ Gillot, Ann. de Chim. xviii. 317. 

§ Annals of Philosophy, v. 264. | 

|| Phil. Trans, 1724, vol. xxxill. p.114. ** Ann. deChim. xxviii, 15. 
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derable energy, charcoal is evolved, and much of the sugar chap. t. 
destroyed, the remainder loses the power of crystallizing.* a gon 

Nitric acid dissolves it with an effervescence, occasioned by 
the evolution of nitrous gas, and converts it into malic and 
oxalic acids. Four hundred and eighty grains of sugar, 
treated with six ounces of nitric acid, diluted with its own 
weight of water, and cautiously heated, separating the crystals 
as they formed, yielded 280 grains of oxalic acid. So that 
100 parts of sugar yield by this treatment 58 parts of oxalic 

‘acid. + When liquid chlorine is poured upon sugar in 
powder, it is dissolved, and immediately converted into malic 
acid; and the chlorine is converted into common muriatic 
acid. 

Oxalic, acetic, and tartaric acid, deprive sugar of the 
property of crystallizing, or at least the crystals are soft and 
ill defined. § 

12. When lime is added to a solution of sugar in water, of lime 
and the mixture boiled for some time, a combination takes 
place. The liquid still indeed retains its sweet taste; but it 
has acquired also a bitter and astringent one. A little al- 
cohol added to the solution birdduced a precipitate in white 
flakes, which appeared to be a compound of sugar and lime. 
Sulphuric acid precipitated the lime in the state of sulphate, 
and restored the original taste of the sugar. When the 
compound of sugar and lime was evaporated to dryness, a 
semitransparent tenacious syrup remained, which had a rough 
bitter taste, with a certain degree of sweetness. || 

It would appear from the observations of Mr. Daniell, that 
lime has a tendency to convert sugar into gum. ‘When raw 
sugar from the West Indies is kept for some time in this 
country, it is apt to assume a clamminess, with the soft feel of 
flour. In this state it is called weak sugar. Mr. Daniell is 
of opinion that this change is occasioned by the action of the 
lime (always present in raw sugar) upon the sugar.** 

From the experiments of Mr. William Ramsay, it appears of strone. 
that sugar facilitates and increases the solubility of lime and rit 
strontian, and forms a combination with them. But barytes 
seems to act with more energy, and to occasion a partial de- 


* Vogel, Ann. de Chim. 1xxi. 93. 
+ Cruickshanks, Rollo on Diabetes, p. 460. 
{ Chenevix, Ann. de Chim. xxviii. 193. 
§ Vogel, Ann. de Chim. Ixxi. 95. 
|| Cruickshanks, Rollo on Diabetes, P- - 460. 
rly, Quarterly Jour, vi. 32. 
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composition of the sugar. For on endeavouring to dissolve 
it in syrup it was constantly converted into a carbonate, and 
very little in consequence dissolved.* 

The fixed alkalies combine with sugar, and form com- 
pounds not unlike those which have been just described. 
Potash destroys the sweet taste of syrup more completely than 
lime; but when it is neutralized by sulphuric acid, and the 
sulphate precipitated by alcohol, the sweet taste is completely 
restored. When alcohol is agitated with the compound of 
sugar and potash dissolved in water, it refuses to unite with 
it, but swims on the top in a state of purity.+ 

When a solution of sugar is digested on oxide of lead, the 
oxide is gradually dissolved, but after a certain interval of 
time a light white powder makes its appearance. This 
powder is a compound of sugar and oxide of lead. It is 
white, light, tasteless, and insoluble in water. According to 
Berzelius, to whom we are indebted for our knowledge of it, t 
its constituents are as follows: 


1g: CSM hire Noletiweaes 60: 
Oxide of lead. .... 58°26 -... 139°6 


100°00 


13. Sugar is soluble in alcohol, but not in so large a pro- 
portion as in water. According to Wenzel, four parts of 
boiling alcohol dissolve one of sugar.§ But this proportion 
is surely too great. Lewis could only dissolve one part of sugar 
in 12 of boiling rectified spirits, and Margraff in 16 parts. 


‘When the solution is set aside for a few days, the sugar sepa- 


rates in elegant crystals.|| Sugar unites readily with oils, 
and renders them miscible with water. A moderate quantity 
of it prevents, or at least retards, the coagulation of milk; 
but Scheele discovered that a very large quantity of sugar 
causes milk to coagulate.** : 

14. The hydrosulphurets, sulphurets, and phosphurets of 
alkalies and alkaline earths, seem to have the property of de- 
composing sugar, and of bringing it to a state not very dif- 


* Nicholson’s Journal, xviii. 9. 

+ Cruickshanks, Rollo on Diabetes, p. 460. 
{ Annals of Philosophy, v. 263. 

§ Verwandtschaft, p. 305. 


]| Lewis, Neuman’s Chemistry, p. 329. Margraff, Opusc. i. 217. 
** Scheele, ii, 32, Dijon Trans. 
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ferent from that of gum. Mr. Cruickshanks introduced a chap. 1 
quantity of syrup into a jar standing over mercury, and then 
added about an equal quantity of phosphuret of lime. Phos- 
phuretted hydrogen gas was immediately extricated. In 
eight days the syrup was withdrawn: it had lost its sweet 
taste, and acquired a bitter and astringent one.* From this 
solution alcohol threw down white flakes, very much resem-. 
bling those of mucilage separated from water by the same 
liquid.; A little sugar was dissolved in alcohol, and phos- 
phuret of lime added to it. No apparent action took place. 
The mixture, after standing in the open air for some days, 
was evaporated and water added. No gas was disengaged, as 
the phosphuret had’ been converted into a phosphate! The 
liquid being filtered and evaporated, a tenacious substance 
remained, much resembling gum arabic. Its taste was bitter, 
with a slight degree of sweetness. It did not seem soluble in 
alcohol. It burned like gum. t 

Similar experiments were made by this ingenious chemist 
with [the sulphurets. The sweet taste of the sugar was de- 
stroyed; but on account of the solubility of the different pro- 
ducts, the nature of the change could not be ascertained. 

15. When heat is applied to. sugar it melts, swells, becomes Action of 
brownish-black, emits air bubbles, and exhales a peculiar ®* 
smell, known in French by the name of caromel. At a red 
heat it instantly bursts into flames with a kind of explosion. 
The colour of the flame is white with blue edges. 

When sugar is distilled in a retort, there comes over a fluid 
which, at first, scarcely differs from pure water; by and by 
it is mixed with what was formerly called pyromucous acid, 
and is now known to be a compound of oil and acetic acid; § 
afterwards some empyreumatic oil makes its appearance, and 
a bulky charcoal remains in the retort. This charcoal very 
frequently contains lime, because lime is used in refining 
sugar; but if the sugar, before being submitted to distillation, 
be dissolved in water, and made to crystallize by evaporation 
in a temperature scarcely higher than that of the atmosphere, 
no lime whatever, nor any thing else, except pure charcoal, 


* This is the taste of phosphuret of lime. 

-f Rollo on Diabetes, p. 452. { Cruickshanks, ibid. 

§ Schrickel, in his dissertation De Salibus Saccharinis, published in 1776, 
endeavoured to show that pyro-mucous acid was a mixture of vinegar, oxalic 
and tartaric acids. Fourcroy and Vauquelin have proved more lately that 
itis merely acetic acid united to a little oil. 


i} 
gooey, Will be found in the retort. During the distillation, there . 
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Seesyem comes over a considerable quantity of carbonic acid and cars 


‘Constitt: 
ents, 


buretted hydrogen gas.* Sugar therefore is decomposed by 
the action of heat; and the following compounds are formed 
from it: Water, acetic acid, oil, charcoal, carbonic acid, 
carburetted hydrogen gas. ‘The quantity of oil in a separate 
state is inconsiderable; by far the most abundant product is 
pyro-mucous acid, Sugar indeed is very readily converted 
into pyro-mucous acid; for it makes its appearance always 
whenever syrup is raised to the boiling temperature. 

We are indebted to Mr. Cruickshanks for the most precise 
set of experiments on the decomposition of sugar by heat. 
Four hundred and eighty grains of pure sugar were intro- 
duced into a coated retort, and heated gradually to redness. 
The products were, 


Pyro-mucous acid with a drop or two of oil.. 270 grains. 
CU AREOR Lo re teratai atc teve internet mte © ee velar nila 120 
Carburetted hydrogen, and Marae acid gas 90 


480 


The pyromucous acid required about 75 grains of a solution 
of potash to saturate it; and when thus neutralized, no ammo- 
nia was disengaged. Hence sugar contains no azote, unless 
we suppose a very minute portion to be present in the pyro- 
mucous acid; and even this is not likely. The charcoal burns 
away without leaving any residue. Hence sugar contains no 
earth nor fixed alkali. The proportion of the gaseous pro- 
ducts was 119 ounce measures of carburetted hydrogen, and 
41 ounce measures of carbonic acid gas.+ 

These experiments are sufficient to show us, that sugar is 
composed entirely of oxygen, carbon, and hydrogen. It is of | 
course a vegetable oxide. Lavoisier endeavoured to determine 
its constituents experimentally; but at that time pneumatic 
chemistry had made too little progress to permit him to ap- 
proach very near the truth. More lately Gay-Lussac and 
Thenard have analysed sugar by burning a determinate quan- 
tity of it with chlorate of potash, and ascertaining the propor- 
tion of carbonic acid gas formed.{ Berzelius has repeated 
this analysis with some modifications, and with his accustomed 


* Scopoli and Morveau, Encye. Meth, Chim. i. 269; 
+ Rollo on Diabetes, p. 452. 
¢ Recherches Physico-chimiques, ii, 288; 
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_precision.* The san absh table exhibits the results of these ©». | 


experiments : z 
Gay-Lussac Berzelius. 
and Thenard, ——-——-—— “~ = 


‘ Oxygen.... 50°63 .. 51:47 .. 49°015 .. 49°083 
Carbon .... 42°47... 41°48 .. 44°200 .. 44°115 
Hydrogen.. 6:90 .. 7:05 .. 6785 .. 6°802 


So ee 


100.00 100°00 100°000 100°000 


If we consider the compound of sugar and oxide of lead 
formed by Berzelius as composed of one atom sugar and one 
atom oxide of lead, then the weight of an atom i sugar will 
be 10°03; for 139'°6: 100:: 14: 10°03. The proportions of 
constituents which will agree best with this weight and with 
the preceding analyses are . 


Five atoms oxygen .... = 5 one oo Soh 
Six atoms carbon ...... SE) OG ae 
Five atoms hydrogen’ .. = 0°625 .... . 6'1 


ss 


Atom of SMIBATY Lives Aik = 10°125 100°0 


_If Berzelius’ saccharate of lead be a compound of 2 atoms 
sugar and 1 atom oxide of lead, then the weight of an atom 
of sugar will be only 5. But as this weight could not be so 
nearly reconciled to the analyses above stated, I am disposed 
to consider the saccharate of lead as a compound of 1 atom of 
sugar and 1 atom of oxide of lead. On that supposition the 
weight of an atom of sugar must be 10°125. 


16. From the experiments of different chemists, especially Species. 


of Proust and Goettling, it appears that there are different 
species of sugar found ready prepared in the vegetable king- 
dom, distinguished from each other by the figure of their crys- 
tals, and other variations in their properties. ‘The species hi- 
therto examined are six in number; namely, common sugar, 
liquid sugar, sugar of figs, sugar of grapes and of starch, Bo- 
_ tany Bay sugar, and manna. 


Common sugar is the substance which has been described common 


in the preceding part of this Section. It is obtained from the 
sugar cane. A's far as is known at present, there is no differ- 
ence between the sugar of the maple and common sugar. The 
sugar of beet is also the same as common sugar. | 


17. Liquid sugar was first pointed out by Proust. He has Liquid. 


Annals of Philosophy, v. 262, 


A. 
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Book Iv. shown that it exists in a variety of fruits and vegetable juices. 


_ Sugar of 


- Sugar of 
grapes. 


Werjuice. 


It is distinguished from every other species of sugar by being 
incapable of crystallizing. It can only be exhibited in a liquid 
state. It is transparent and colourless when pure, and is more 
soluble in alcohol than common sugar. By means of that 
liquid it may be separated from common sugar when they hap- 
pen to be mixed. It exists in the sugar cane juice, and con- 
stitutes, according to Proust, a considerable portion of the 
molasses. It exists also in grapes, peaches, apples, and other 
fruits.* From the experiments of Auarie it appears, that a 


liquid sugar may also be obtained from the stalks of the Zea 


Mays, or Indian corn; but no method tried was capable of 
inducing it to crystallize. From the experiments of Vogel 
and Bouillon Lagrange there is reason to suspect that liquid 
sugar may be merely common sugar deprived of the power of 
crystallizing by being combined with an acid. 

18. The sugar of figs may be seen in a concrete state upon 
the outside of that fruit in the state in which it is usually sold 
in the shops in this country. If we dissolve it in boiling alco- 
hol and set the liquid aside, we may easily obtain it in the state 
of crystals. These crystals have a form different from that 
of common sugar; nor do they appear to my taste quite so 
sweet. Hence they must constitute a distinct species. 

19. That grapes contain abundance of sugar has been long 
known. ‘The Duc de Bullion first extracted it from the juice 
of grapes, and Proust pointed out the difference between it 
and common sugar. ‘The juice of grapes, according to him, 
yielded from 30 to 40 per cent. of this sugar.[ The sugar of 
grapes is not so white as common sugar, but it crystallizes 
much more readily.§ 

Proust has published a long dissertation on the properties 
of this sugar, and the method of extracting it from grapes. It 
was of great importance on the continent during the last war, 
on account of the difficulty of obtaining sugar fy om the West 
Indies. 

Verjuice, or the liquid obtained from unripe grapes, con- 
tains tartar, sulphate of potash, sulphate of lime, much citric 
acid, a little malic acid, extractive, and water; but neither 
gum nor sugar. As the grapes advance to maturity, the citric 


* Proust, Ann. de Chim. lvii. 131. + Ann. de Chim. lx. 61. 
+ Jour. de Phys. xxix. 5, and lvi. 113. 
§ Nicholson’s Jour. xiv. 178. 
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acid gradually disappears, and gum and sugar appear in its Chap. 
place. 

The juice of ripe grapes contains also gluten and fibrous nice of 

matter, merely in a state of mixture, and therefore separable "? 
by the filter, or still better by boiliag and scumming the liquid. 
The substances held in solution are chiefly sugar, syrup, gluten, 
gum, and extractive. When this juice is evaporated to dry- 
ness, it yields from a third to a fifth of solid matter, according 
to the species of grape employed, and the season of the year. 

To extract the sugar from this juice, Proust saturated the sugar of 
acids which it contains with potash, boiled it down to a half, 8? 
and left it at rest. By this means several of the salts subsided. 
Its specific gravity was 1:215. It was then mixed with blood, 
heated, scummed, filtered, and boiled down to a syrup. It 
gradually becomes crystallized, and resembles the raw sugar 
from the West Indies. In this state its specific gravity is about 
1°500. This raw sugar, according to Proust, is composed of 


€ 


Crystallizable sugar ........ ss uefa UO 
Syrup, or uncrystallizable sugar. .. 24°44 
POU onk ta haste: Rhy Bia hin situ iat ook 


DVL ALEVE LILiee ss we ua hewn s alamrere on 
100°00 


Besides some extractive, the quantity of which cannot well be 
ascertained. ‘The syrup holds in solution a considerable quan- 
tity, probably more than half its weight, of crystallizable 
sugar; but it is difficult to separate it. | 

The raw sugar thus obtained is not so sweet as that from the 
sugar cane, since four parts of the latter will go as far as five 
parts of the former. But it may be applied to all the purposes 
of common raw sugar. 

This raw sugar may be refined precisely in the same way as 
that of the sugar-cane. It is then white, but inferior in con- 
sistence to common sugar. It is not so sweet, and has a striking 
resemblance to the sugar of honey. It does not crystallize, 
but assumes the form of sphericles. It is not so soluble as the 
sugar of canes, and is therefore more easily separated from the 
other substances in the juice of grapes. 

Proust informs us that the raw sugar from grapes, when 
diluted sufficiently with water, ferments and.is converted into 
wine. 


Starch may be converted into a sugar possessing exactly the Starch su. 
gare 
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Book IV: properties of sugar of grapes, by mixing it with about four 


times its weight of water and about one hundredth part of its 
weight of sulphuric acid, boiling the mixture for thirty-six 
hours, supplying water as fast as it evaporates ; then saturating 
the acid with lime, separating the sulphate of lime and con- 
centrating the liquid by sufficient evaporation. 

This curious fact was accidentally discovered by Kirchhoff, 
a Russian chemist, as he was employed in aset of experiments 
to convert starch into gum. He conceived that the starch 
would be rendered soluble in water by boiling it with very 
dilute sulphuric acid, and by prolonging the boiling he gra- 
dually observed the conversion of the starch into sugar. Vogel 
ascertained that during the conversion of starch to sugar no 
gas whatever is extricated. Mr. Moore* and M. de Saus- 
sure} ascertained that the quantity of sulphuric acid was not 
diminished by the process. Saussure ascertained that 100 
parts of starch when converted into sugar become 110*14 parts. 
Hence he drew as a conclusion that starch sugar is merely a 
compound of, starch and water in the solid state.t According 


“to his analysis the constituents of starch sugar are as follows : 


OXY PCN. icin ene SN DOTO ¥ 
CSANISOT e's ss oe tetd aia ete Pee 
TAVULOLEN | .). soos eee sien Oe 


a ee 


100°00 


As we have no data for determining the equivalent number 
for starch sugar, it is impossible to know of how many atoms 
of oxygen, carbon, and hydrogen it is composed. Were we 
to consider it as composed of five atoms of each of its ingre- 
dients, its composition and weight would be as follows: 


SiAtoms DXYPeN . 3)... ssi.) Se ay a ee ne 
SACO CAE DON VS 2S. 1/8) aad BURY atte OOS 
5 Atoms hydrogen’) 2).)00. (SO GRR OF 


ooo ny 


Atoms of starch sugar .. = 9°375 100°00 


These proportions do not differ much from the result of the 
analysis of Saussure. Were we to suppose the above result 
correct, starch sugar would differ from common sugar by con- 
taining one atom of carbon less than it does. 

* Phil. Mag. x1.134. + Annals of Philosophy, vi. 424. 
¢ Annals of Phil. vi. 426.. 
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Saussure’s analysis of sugar of grapes approaches very nearly Chap. 


to the preceding analysis. He found the composition of sugar 
of grapes as follows: 


COSMET Dalalnreer tleue: obra ORO D 
ROAR OOM ce iets SERS OE NM Deo ha 
Hydrogen Astana Meni Whe 

100:00 


This species of sugar melts at the temperature of boiling 
water; when dissolved in water and sufficiently diluted, it un- 
dergoes the vinous fermentations without its being necessary 
to add any yeast. Its crystals are small spheres, exactly simi- 
lar to the crystals of honey. I believe that these spheres are 
composed of a congeries of small needles; though it is not 
always easy to obser ve this structure. 


~ 


20. Some years ago specimens of a sweet substance were Botany Bay 


brought from Botany Bay. ‘They were snow-white, in the 
form of tears, and had obviously dropped in a liquid state 
from some vegetable. I was informed that these tears were 
collected in a plain covered with wood; but of what species I 
could not learn. Some bushels of it might have been col- 
lected. These tears had a sweet and agreeable taste. They 
dissolved in much greater quantity in alcohol than common 
sugar, and when the alcohol cooled it deposited the sugar 
abundantly in needle-form crystals. ‘The form of these crys- 
tals approached that of manna; but was not quite the same. 
Nor did it make so cooling an impression on the tongue. It 
was therefore a peculiar species of sugar; though approach- 
ing much nearer to manna than any of the preceding species. 
It is very much to be wished that more complete information 
could be obtained respecting this species of sugar, and that 
sufficient quantities of it could be sent over to this country to 
permit an accurate set of experiments on it to be made. I 
only had a very few grains of it in my possession. 


21. M. Braconnot obtained from the juice of the AGAYICUS Mushroom 


volvaceus, by evaporation, a species of sugar, which differs “**" 


from every other hitherto known. It crystallizes in four-sided 
prisms with square bases. It has such a disposition to crys- 
tallize, that when a very weak aqueous solution of it is put 
‘upon the surface of a vessel it is immediately sprinkled with 
small acicular crystals. When heated this sugar melts, swells 
and takes. fire, giving out the odour of caromel.. There re- 


28 


INGREDIENTS OF PLANTS. 


Book iv. mains a small quantity of charcoal, which is destitute of al-_ 
“~—' kali. Acids do not deprive this substance of the power of 


Manna. 


crystallizing as they do common sugar. When digested with 
nitric acid it produces abundance ae oxalic acid ; but no bitter 
principle. It is capable of undergoing the vinous fermen- 
tation.* 

22. Manna was long considered as a substance which fell 
from the heavens, till incontestable experiments demonstrated 
it to be an exudation from trees. It has the form of oblong: 
globules or masses, of a yellowish-white colour, and some de- 
gree of transparency. It is the produce of various trees, but 
is chiefly procured from the fraxinus ornus, a species of ash, 
which grows abundantly in Sicily and Calabria. It partly ex- 
udes spontaneously during the summer months, and is partly 
obtained by incisions. ‘The juice gradually concretes into a 
solid mass, or it is dried in the sun or in stoves.+ 

Pure manna is very light, and appears to consist of a con- 
geries of fine capillary crystals. Its taste is sweet, and it leaves 
a nauseous impression on the tongue. It acts as a mild pur- 
gative. When dissolved in water it may be obtained again 
unaltered by a gentle evaporation. Alcohol dissolves it when 
assisted by heat; and the solution, when set aside, gradually 
deposits about £ths of the manna, in the state of a fine white 
light spongy crystalline mass, bearing some resemblance to 
camphor. ‘This deposite has an agreeable sweet taste, and in- 
stantly melts upon the tongue like snow in warm water. This 
may be considered as pure manna. . It differs from sugar in 
the nature of its crystals, and in its more rapid solubility. By — 
evaporating the solution, and setting it aside repeatedly, about 
“ths more of the manna is deposited, but not so fine in colour 
or taste as the first precipitate. By evaporation to dryness, 
the remaining 8th is obtained in the state of a thick extract, 
which cannot easily be reduced to dryness. ‘This may be con- 
sidered as consisting chiefly of the foreign bodies to which 
manna owes its nauseous taste.{ Manna differs from common 
sugar in several remarkable particulars. It dissolves very rea- 
dily and abundantly in alcohol, and crystallizes on cooling. 
When digested in nitric acid it yields both oxalic and saclactic 
acids, whereas sugar only yields oxalic acid.§ It does not fer- 


* Ann. de Chim. Ixxix. 278. 

+ See Neuman’s Chemistry, p. 325, from which all the accounts of manna 
to be found in chemical books have been copied. 

{ Neuman, pD. 326. § Proust, Ann. de Chim. lvii. 144. 
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ment like sugar, and of course does not seem capable of fur- chap. 1. 
nishing alcohol.* In a set of experiments on the juice of the ~~ 
common onion (allium cope) Fourcroy and Vauquelin found | 
that at a-temperature, between 66° and 80°, it gradually un- 
derwent the acetous fermentation without emitting any gas; 
and that by this process a quantity of uncrystallizable sugar 
which it contained assumed most of the properties of manna. 
It was not precisely the same, however, with manna, for it did 


not yield saclactic acid when treated with nitric acid. 


The common manna of the shops, according to the experi- 
ments of Fourcroy and Vauquelin, consists of four different in- 
gredients. 1. Pure manna, which constitutes at least ths of 
the whole. 2. A little common sugar, which makes it ferment- 
‘able to a small extent. 3. A yellow matter with a nauseous 
odour, to which the purgative quality of manna seems owing. 
4, A little mucilage convertible into saclactic acid. This last 
ingredient seems hypothetical. Several substances by ferment- 
_ ing seem to be converted into manna. ‘The sugar in onion 
juice has been already mentioned. Fourcroy and Vauquelin 
found likewise that fermented melon juice contained manna, 
though none could be detected in it before the fermentation. 
Manna appears sometimes to be formed and deposited by in- 


sects.} 
23. The plants containing sugar are very numerous. 


Mar- Plants cone 


graff first pointed out a method of separating it from them. 2? 
The plant suspected to contain it is reduced to powder or pulp, 
and boiled with strong alcohol. The liquid is filtered while 
hot, and set aside in a close vessel. In a few days the sugar 


separates from the alcohol and crystallizes. t 


gar. 


The following are the chief plants from which it has been — 


attually extracted by chemists: § 


The flower of the rhododendron ponticum, 
The sap of the acer saccharinum, 

betula alba, 

- asclepias syriaca, 
—_——— —— heraclium sphondilium, 
————_-———- cocos nucifera, 

juglans alba, 


ES a 


* Du Puytren and Thenard, Ann. de Chim. lix. 51. 


+ See Klaproth, Gehlen’s Jour. iv. 328. { Margraff’s Opusc. i. 216. 


§ See Gren’s Handbuch, ii. 123. 
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The sap of the agave Americana,* 
fucus saccharinus, 
—__——_—___—-— ficus carica, 
ee ceratonia siliqua, T 
The j juice of arundo saccharifera, 
— arundo bambos, ft 
zea mays, 

The roots of pastinaca sativa, § 
sium sisarum, § 

— beta vulgaris and cicla,§ 
———_————. daucus carota, § 
———-— apium petroselinum, 


The bulb of the allium coepe. 


ee 


It is proper to observe, however, that from the daucus carota, 
Mareraff could obtain only an uncrystallizable syrup. The 
sugar from the sap of the agave Americana bore a greater re- 
ere tanes to manna than to sugar.|| It is very seldom that 
sugar exudes spontaneously from vegetables; sometimes, how-~ 
ever, it does. ‘Tears of a sweet substance were observed upon 
the ceratonia siliqua, or locust tree, some time ago in Naples. 


These tears were examined by Klaproth, and found to be sugar 


mixed with a little tannin and oxalate of potash.** The; in- 
spissated juice of the bamboo (arundo bambos) is known in 
India by the name of sacar nambu ; a term which is supposed 
to be the origin of our word sugar, and constitutes a species of 
sugar celebrated as a medicine. How far it agrees with com- 
mon sugar has not been ascertained. 

Small crystals of sugar are found occasionally in the flower 
of the rhododendron ponticum. I have received some of these 
crystals from my friend Dr. Charles Mackenzie, but too small. | 
in quantity. to admit of a rigid examination. ‘They have no 
regular shape; but in other respects seem to agree with com- 
mon sugar in their properties. The samesugar has been 
noticed ie Fourcroy, Vauquelin, and Bose.++ | 

The list of the saccharine plants would be greatly extended 
were we to add all sweet-tasted fruits, such as grapes, &c. 


“ 


* Margraff, Opusc. i. 213. + Klaproth, Gehlen’s Jour. iv. 326. 
} Tennant’s Indian Recreation, ii. 288. 
§ Margraff, Opusc, i. 213. || Margraff, 1. 241. 


** Gehlen’s Jour. iv. 327. 
t+ Ann. de Chim. Ixiii, 102. 
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which obviously contain sugar, and some of the mushroom Chap. 
tribe, from which Humboldt affirms he extracted it.* 
24. Sugar has now become an essential part of the food of uses. 
rere it contains perhaps a greater proportion of nou- 
rishment than any other vegetable substance in the same bulk. 
It has the advantage of most other articles of food, in not 
being liable to be injured by time nor by the weather. If we 
believe Dr. Rush, the plentiful use of it is one of the best pre- 
ventatives of the diseases occasioned by worms. It has been 
long supposed to have a tendency to injure the teeth; but this 
prejudice is now given up. It has the property of preserving 
other vegetable substances from putrefaction; and accordingly 
is often employed for that purpose, constituting the base of 
conserves, &c. 


SECT. JIT. 


OF SARCOCOLL. 


‘Tuis substance has hitherto been confounded with the gum 
resins, though its properties are very different. It is supposed 
to be the produce of the penea mucronata; a shrub which is 
said by botanical writers to be indigenous in the north-eastern 
parts.of Africa.t Nothing precise is known concerning the 
way in which it exudes. 

Sarcocoll comes to this country from Persia, Turkey, and state 
India, and is usually sold in the state of oblong globules, from 
the size of a pea to that of a particle of sand. Its colour is 
usually yellow; and it has the semitransparency and much of 
the appearance of gum arabic. But some of the grains are 
reddish-brown. Its smell is peculiar, and not unlike that of 
aniseseed. When carefully examined, four different substances 
may be detected: ‘The first, and by far the most abundant, 
is pure sarcocoll: The second consists of small woody fibres, 
and a soft yellowish-white substance, not unlike the covering 
of the seeds of some of the cruciform plants: The third is a 
reddish-brown substance apparently earthy: And the fourth 


* The reader will find a much fuller list than I have given, in John’s 
Tabellen, p. 11. Ihave not ventured to make use of his materials, because 
I have no means of determining the particular species of sugar which each 
vegetable contains. 

+ Dioscorides informs us that sarcocoll exudes from a tree a grows 
in Persia, and nothing farther respecting it is known at present. 
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Book tv. is only detected when the sarcocoll is dissolved in water or 
—~— alcohol. It then appears in soft transparent tremulous masses 


Properties. 


like jelly. 

The pure sarcocoll amounts to 0°8 of the whole. When 
the sarcocoll is dissolved in alcohol or water, and obtained 
again by evaporation, it loses its smell. It then assumes the 
form of semitransparent brittle-brown cakes very like gum. 
Its specific gravity is 1°2684.* 

This substance has a sweet taste, but leaves an impression 
of bitterness. In the mouth it dissolves like gum. 

It is almost equally soluble in’ water and alcohol; the 
solution is yellow. The watery solution has the appearance of 
mucilage, and may be used for the same purposes. 

Cannot be made to crystallize. When heated softens, but 
does not melt. It emits a slight smell of caromel. When 
strongly heated, it blackens, and assumes’ the consistence of 
tar, emitting a white heavy smoke having an acrid odour. In 
a strong fire it scarcely leaves any residuum. 

To determine the properties of sarcocoll more in detail, I 
dissolved 50 grains of it in five ounce measures of water. The 
solution had a light brown colour, and tasted very like a de- 
coction of liquorice. It did not feelin the least glutinous, and 
could not be used like gum to paste pieces of paper together, 
or to stiffen linen. . 

The effects of reagents on it are as follows: 


Infusion of nutgalls ...... A slight precipitate. 
A copious light-yellow pre- 


. Tincture of nutgalls ..... { cipitate. Liquor becomes 


colourless. 
Gallic‘acid ....¢........» No change. 
Hydrocyanate of potash.... No change. 


Nitié anid 1 white precipitate and some 
NOR ae) reer effervescence. 


Sulphuric acid ........ Becomes dark coloured. 
Potash>s... 4's seeecseetces Becomes green. 
Carbonate of ammonia .... Becomes green. 
Lime water .............. Becomes green. 
Strontian water .......... Becomes green. 


Silicated potash .......... eae green. No precipi- 
tate. 


Oxalate of ammonia ...... Becomes slightly opal. 


* Brisson. 
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Sulphate of alumina ...... No change. 
Muriate of magnesia ...... No change. 
Colour becomes darker and 


Sulphate of iron......... a more opaque. A precipi- 


\ tate falls after an interval of 
| some hours. 


Nitrate of lead .......... . No change. 
_ Acetate oflead .......... Becomes milky. 


Subacetate of lead ........ A copious white precipitate. 
Corrosive sublimate ...... No change. 
Nitrate of silver ........ .. No change. 
Sulphate of zine .......... No change. 
Sulphate of copper ........ No change. 


Muriate of gold .......... A slight precipitate. 


The most: remarkable property pointed out by this table is 
that of being precipitated by tannin. This distinguishes ‘sar- 
cocoll from gum and mucilage. 
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Liquorice seems to approach in its nature to sarcocoll, Liguotice. 


This substance is obtained from the root of the glycirrhiza 
‘glabra; a plant cultivated in the south of Europe, and even 


in Britain. ‘The roots are long, slender, and fibrous, of a’ 


yellow-colour, and when fresh very juicy. The juice of these 
roots is expressed and inspissated by boiling. ‘The substance 


thus obtained is liquorice or black sugar. It comes to this 


country from Spain in cylindrical rolls covered with. bay 
leaves. It is afterwards purified by a subsequent process, and 
sold in small cylinders about the size of a goose quill, under 
the name of refined liquorice. It is of a fine black colour and 
glossy. It is brittle, and its fracture is glassy. 

Besides the sweet matter of liquorice, there is present in it 
about a third part of mucilaginous matter,* and even some 


charcoal. When dissolved in nitric acid, a quantity of tan- 


nin is formed, owing probably to this charcoal; for neither 


the saccharine nor guminy substances yield this substance to 
nitric acid. When treated with sulphuric acid, it leaves a 


quantity of charcoal, amounting to 4th of its'weight. During 


the treatment of this’ substance with sulphuric acid, no tannin 
was evolved in Mr. Hatchett’s’ experiments.f' We are in+ 


debted to Robiquet for an interesting analysis of liquorice.§ 


1 Neuman, p. 425. . | | Hs Ratahet ibid. 
} Third Series of Expériments on Artificial Tannin; Phil. Trans. 1806. 
§ Ann. de Chim, Ixxii, 143. 
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Beok Iv. The saccharine matter which it contains approaches very 


Properties. 


Mucilage. 


closely to sarcocoll.. It has a brown colour, does not crystal- 
lize, is sparingly soluble in cold, but very soluble in hot 
water. It dissolves readily in alcohol, and does not appear 
susceptible of fermentation. 


SECT. IV. 


OF GUM. 


THERE Is a thick transparent tasteless fluid which some- 


times exudes from certain species of trees. It is very adhesive, 


and gradually hardens without losing its transparency; but 
easily softens again when moistened with water. ‘This exuda- 
‘tion is known by the name of gum. The gum most commonly 
used is that which exudes from different species of the mimosa, 
particularly the milotica.* It is known by the name of gum 
arabic. Gum likewise exudes abundantly from the prunus 
avium, or common black cherry tree of this country. 

Gum is usually obtained in small pieces like tears, mode- 
rately hard, and somewhat brittle while cold, .so that it can 
be reduced by pounding to a fine powder. When pure it is 
colourless, but it has commonly a yellowish tinge, and it is 
not destitute of lustre. It has no smell. Its taste is insipid. 
Its specific gravity varies from 1°3161 to 14317. 

1. Gum undergoes no change from being exposed to the 
atmosphere; but the light of the sun makes it assume a white 
colour. Water dissolves it in large quantities. The solution 
which is known by the name of mucilage,} is thick and adhe- 


* Schousbae, Phil. Mag. v. 241. sf | 
4+ Hermbstadt uses this word in a different sense.. He makes a distinc- 
tion between gum and mucilage. The solution of gum in water is trans- 
parent and glutinoas, and can be drawn out into threads; whereas that of 
mucilage is opaque, does not feel glutinous, but slippery, and cannot be 


‘drawn into threads. Gum may be separated from mucilage by the follow- 


ing process: 

Let the gum, which is supposed to be mixed with mucilage, previously 
reduced to a dry mass, be dissolved in.as small a quantity of water as pos- 
sible, and into the solution drop at intervals diluted sulphuric acid. The 
mucilage coagulates, while the gum remains dissolved. When no more 
coagulation takes place, let the mixture remain at rest for some time, and 
the mucilage will precipitate to the bottom, and assume the consistence of 
jelly. Decant off the liquid part, and evaporate the mucilage to dryness 
by a gentle heat till it acquires the consistence of horn, Med. and Phys. 
Jour. iii. 370. 
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sive: it is often used as a paste, and to give stiffness and. -Chap. §. 
lustre to linen. When spread out thin it soon dries, and has 

the appearance of a varnish; but it readily attracts moisture, 

and becomes glutinous. Water washes it away entirely. 

When mucilage is evaporated the gum is obtained unaltered. 

This mucilaginous solution may be kept for years without 
undergoing putrefaction. Scarcely any vegetable substance is 

less liable to decomposition. At last, however, the odour of 

acetic acid becomes perceptible in it. 

When gum is exposed to heat it softens and swells, but it 
does not melt; it emits air bubbles, blackens, and at last, 
-when nearly reduced to charcoal, it emits a low blue flame. 
This flame appears sooner if a flaming substance be held just 
above the gum. After the gum is consumed, there remains 
a small quantity of white ashes, composed chiefly of the car- 
bonates of lime and potash. 

2. It does not appear that gum is acted upon by oxygen 
gas. A solution of gum in water, when exposed to the air, 
soon becomes mouldy on the surface, but undergoes no farther 
change for a long time. ‘The action of the simple combusti- 
bles on gum has scarcely been examined. Azotic gas seems 
to have no action whatever. 

Gum does not act upon metals; but it has the property of Action of 
combining with several of the metallic oxides, and forming ee 
compounds; at least some of the metallic salts occasion preci- 
pitates when dropped into solutions of gum. ‘The most curi- 
ous effect is that produced by the permuriate of iron. When 
this salt, concentrated, is dropped into a very strong mucilage, 
the whole becomes a brown semitransparent jelly, which is not 
readily dissolved by water. When dried, the jelly becomes 
lighter coloured, and assumes nearly the appearance of gum. 

Its taste is that of gum mixed with iron. 

The following table exhibits the effects of different metallic 
salts on the solution of gum in water, as far as my experiments 
go. The mucilage I used was composed of eight parts of 
water to one part of gum. It was transparent and quite fluid, 
though a little thready. 
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Book Iv. 
: SALINE SOLUTIONS. EFFECTS. 
1. Muriate of gold No change. 
2. Nitrate of silver No precipitate nor change. 
3. Corrosive sublimate No change. 
4, Supersulph. of mercury | No change. 
5. Nitrate of mercury A white coagulum: it dis- 


appears by agitation, but 
returns when the solution 
is much diluted. 

6. Prussiate of mercury Becomes slightly opal, but 
no precipitate. 


7. Nitrate of copper No change. 
8. Sulphate of copper No change. 
9. Muriate of copper No change ; yet the muriate 
! ‘is precipitated by water. 
10. Cuprate of ammonia No change. 
SE SAURE CDE RMAC 8 DON 5 See e- 

11. Sulphate of iron No change. 

12, Permuriate of iron Little change; except the 
mucilage be more con- 
centrated. 

13. Pernitrate of iron No change. 

14. Muriate of tin No change. 

15. Permuriate of tin No change.* 

16. Smoking liquor of Li- | No change. 

bavius 

17. Nitrate of lead - | No change. 

18. Subacetate of lead A copious coagulum. 

19. Acetate of lead No change. 

20. Sulphate of zine No change. 

21. Nitrate of zinc | No change. 

22. Muriate of arsenic No change. 

23. Oxide of arsenic _No change. 

24. Tartar emetic Becomes yellow, but no pre- | 

| cipitate. 


* When the permuriate is approaching the gelatinous state, a flaky pre- 
cipitate appears ; but the same precipitate is occasioned by pure water. 
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. Chap. i 
SALINE SOLUTIONS. EFFECTS. 
25. Nitrate of bismuth No precipitate; yet the salt 
Is precipitated by pure 
water. 


These phenomena indicate an affinity between gum and the 
peroxides of mercury and iron. Copper, antimony, and bis- 
muth, seem also to be acted on by it; for it prevents water 
from precipitating them in the state of subsalts. 

My experiments on the action of the alkalies and earths on Action of 
mucilage of the strength indicated above, are contained in the sume" 


following table: 


SOLUTIONS. EFFECTS. 

Potash No precipitate. 

Ammonia | No precipitate. 

Lime water No precipitate. 

Barytes water No precipitate. 

Strontian water No precipitate. 

Alum No precipitate. 

Sulphate of magnesia; No precipitate. 

Silicated potash A white flaky precipitate, though 
very much diluted. ‘The liquid 
remains transparent. 

Aluminated potash | No precipitate. 


From this table it appears that silica alone forms with gum 
an insoluble precipitate. It is by far the most delicate test of 
gum which I have yet met with. 

Liquid potash first converts gum into a substance not unlike 
curd, and then dissolves it. The solution is of a light amber 
colour, and transparent. When long kept, the gum again 
falls in the state of curd. Alcohol throws down the gum in 
white flakes still soluble in water; but it retains the potash ob- 
stinately, and is much more friable than before. Lime-water 
and ammonia likewise dissolve gum, and it may be afterwards 
separated little altered. : 

Charcoal powder, when mixed with a solution of gum in Of¢ehareoal- 
water, gives a black colour, which cannot be removed by fil 
tration, unless a very great proportion of the powder be added. 

_ In that case the water passes clear; but the whole of the gum 
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Book IV. isretained bythe charcoal. Mr. Lowitz found, that not less than 


OF acids. 


30 lbs. of charcoal powder must be mixed with water contain- 
ing an ounce of gum dissolved in it before the water is entirely 
deprived of the gum.* ° 

The vegetable acids dissolve gum without alteration; the 
strong acids decompose it. 

When thrown into sulphuric acid it blackens, and soon is 
resolved into other substances. ‘The charcoal formed, accord- 
ing to Hatchett’s experiments, amounts to-0°29, and some 
traces of artificial tannin may also be detected.+ Water and 
acetic acid are said likewise to be formed. { 

When gum is dissolved in strong muriatic acid, a brown 
solution is obtained, which becomes perfectly transparent when 
diluted with water, while at the same time some charry matter 
falls. If the solution be now saturated with ammonia, evapo- 
rated to dryness, and the residue digested in alcohol, the al- 
cohol assumes a deep brown colour, and dissolves the whole 
except a very little sal-ammoniac. ‘The gum now bears some 
resemblance to sugar in its properties; at least when heated it 
melts, and gives out a very strong smell of caromel. 

Chlorine converts gum into citric acid, according to the ex- 
periments of Vauquelin. He passed a current of chlorine gas 
through a diluted solution of gum in water. In a few days al-. 
most the whole of the gum was acidified; and he detected 
citric acid by the formation of supercitrate of lime, soluble in 
water, and decomposable by oxalic acid.§ If nitric acid be 
slightly heated upon gum till it has dissolved it, and till a 
little nitrous gas is exhaled, the solution on cooling deposits 
saclactic acid. Malic acid is formed at the same time; and if 
the heat be continued, the gum is at last changed into oxalic 
acid. Thus no less than three acids are developed by the 
action of nitric acid on gum.|| We are indebted to Mr. Cruik- 
shanks for the most precise experiments on the quantity of 
oxalic acid obtainable from gum by nitric acid. By digesting 
480 grains of it with six ounces of nitric acid, he obtained 210 
grains of oxalic acid and six grains of oxalate of lime.** No 


_* Crell’s Annais, ii. 167. Eng. Trans. 

t+ Third Series of Experiments on Artificial Tannin, Phil. Trans. 1806. 

} Fourcroy, vii. 197. Engl. Trans. 

§ Ann. de Chim. vi. 178. These properties alone were not sufficient to 
prove the presence of citric acid, since malic acid possessed them both. 

|| Fourcroy, vii. 148. 

** Rollo ou Diabes, p. 452. 
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artificial tannin is formed during this process.* According to chay, 1, 
the experiments of Fourcroy and Vauquelin, the quantity of ~~" 
saclactic acid yielded by gum, when treated with nitric acid, 
varies from 0°14 to 0°26.t 

Gum is insoluble in alcohol. When alcohol is poured into oF ateenot. 
mucilage, the gum immediately precipitates ; ; because the affi- 
nity between water and alcohol is greater than that between 
water and gum. The gum in this case is in the state of soft 
opaque white flakes. Neither is gum soluble in ether. It is 
not soluble in oils; but when triturated with a little oil it ren- 
ders the oil miscible with water. 

The action of the hydrosulphurets, sulphurets, phosphurets, 
and of most of the salts on gum, has not been examined with 
any attention. 

Gum and sugar readily unite together by dissolving both in Combines: 
water. By gentle evaporation a perfectly transparent solid“ “**” 
substance is obtained, which does not crystallize. When 
treated with alcohol it becomes white, opaque, and soft. The 
greater part of the sugar is dissolved, and the gum remains 
united to a small portion. It has a sweetish taste, and very 
much resembles in appearance the substance of which the nests 
of wasps are formed. 

3. When eum is distilled in a retort, the products are water pestractive 
impregnated with a considerable quantity of pyromucous acid “sti. 
or acetic acid combined with oil, a little empyreumatic oil, 
carbonic acid. gas, and carburetted hydrogen gas. When the 
pyromucous acid obtained by this process is saturated with 
lime, a quantity of ammonia is disengaged, with which that 
acid had been combined. ‘The charcoal which remained in 
the retort leaves behind it, after incineration, a little lime and’ 
phosphate of lime. Mr. Cruickshanks, to whom we are in- 
debted for these facts, gradually heated 480 grains of gum 
arabic to redness in a coated glass retort. ‘The products were, 


‘ 


Pyromucous acid mixed with some oil ...... 210 gr. 
SOA ies bic ccis'e ws ASE NAR ie og hesitate wn a6 
Lime and a little phosphate of lime. ...... ie YO 
Carburetted hydrogen and carbonic acid gas.. 164 


* Hatchett, Additional Experiments on Artificial Tannin, Phil. -Trans. 


1805. | 
t+ Fourcroy, vii. 199, Engl. Trans. 
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The pyromucous acid liquid contained less than, what was 
~ obtained from an equal. weight of sugar in the proportion of 
118 to 150. The gases aster of 93 ounce measures of car- 
bonic acid and 180 of carburetted hydrogen, composed of 5 
parts charcoal to 1 of hydrogen. When the pyronucous acid 
was saturated with lime, ammonia was disengaged.* 

From the experiments of Vauquelin, it appears that gum 
also contains traces of iron. A-hundred parts of gum arabic 
left after incineration three parts of white ashes. These were 
composed chiefly of carbonate. of lime; but contained also some 
phosphate of lime and iron, without any traces of an alkali or 
of sulphur.. He conjectures, that in the gum the lime is usu- 
ally combined with acetic acid, and perhaps sometimes with 
malic acid.+ wut | 

It is only of late that any notions approaching to precision 
respecting the composition of gum have been acquired. Gay- 
Lussac and Thenard Scat it, by burning it along with 
chlorate of potash, and found it composed of 


Oday gen veat). ¢ 50°84 
Carbon viii... 42°28 


100°00 t 


Berzelius analysed it by a process of the same kind but 
somewhat modified. He found its constituents as follows : 


wOxyoen: :\(. «| Gl 206 
Carbon s:.. <2. *1LeONG 
Efydrogen ..~. 6°788 


Pom ee ee ER 


100:000 § 


Yo determine the equivalent number for the weight of an 
atom of gum, Berzelius mixed caustic ammonia with a boiling 
solution of gum, and then mixed the liquid with a solution of 
subnitrete of lead, likewise boiling hot. <A precipitate fell, 
which when washed and dried was a compound of gum and 
oxide of lead. Its constituents, according to the anal vals of 
Berzelius, were, “ 


* Rollo on Diabetes, p. 452. 

+ Ann. de Chim. liv. 312. 

+ Recherches Physico-chimiques, ii. 290. 
§ Annals of Philosophy, v. 270. 
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Gum eeoeeseeren ne 61°75 ies 100 , Chap. I. 
Oxide of lead. ....38:25 ....° 62°105 


—- 


100-00 * 


If we suppose this compound to consist of an atom of gum 
united to an atom of oxide of lead, the weight of an atom of 
gum will be 22:542. But ifthe gummate contain 2 atoms of 
gum united to 1 atom of oxide of lead, (which may be the 
case,) then an atom of gum will weigh 11-271. I am rather 
disposed to adopt this last number for the weight of an atom 
of gum; because it seems to approach very nearly to sugar’ in 
its properties, and seems capable of being converted into su- 
gar with great facility in the processes of vegetation. On that 
account it seems likely that the composition of gum and sugar 
do not differ very much from each other. But if the weight 
of an atom of gum be 11250, (which differs immaterially from 
the preceding number) its composition, as indicated by the 
preceding analysis, must be as follows: 


Six atoms oxygen .... =6  ..,. 53°33 
Six atoms carbon .... = 4°5 .... 40°00 
Six atoms hydrogen ., = O°75. .- 9. 6:67 


11°25 100°00 


Sugar then, it would seem, differs from gum merely in con- 
taining an atom of water less. Hence an atom of sugar + an 
atom of water constitute an atom of gum. 

4. The species of gum at present known are considerable in Species. 
number; and it is likely-that a more rigid examination of the 
vegetable kingdom will discover a greater number. ‘The most 
remarkable are gum arabic, gum senegal, gum kuteera. 

Gum arabic exudes from the mimosa nilotica, and other spe- Gum ara- 
cies of mimosa. It is the species described in the preceding "* 
part of this section. 

5. Gum senegal, brought from the island of that name 1M gum sene 
the coast of Africa, commonly supplies the place of gum ara- ®" 
bic in the shops, and is the sort chiefly employed by the calico 
printers.. It is generally in larger masses than the arabic, and 
its colour is darker,+ but in other respects its properties are 
the same, excepting that it does not go so far in thickening 
water as gum arabic. 


* Annals of Philosophy, v. 270. 
+ Lewis, Neuman’s Chem. p. 282. 
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Gum ku- 
teera. 


Plants con- 
taining it. 


Uses. 
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6. Gum kuteera is the produce of the sterculia urens,* a 
tree which grows in Indostan; and having a considerable re- 
semblance to gum tragacanth, great quantities were imported 
into this country, but did not answer as a substitute. ‘The 
only account of this gum with which I am acquainted was 
given by Mr. Cowie, in one of the volumes of the Society of 
Arts.t It is in loose wrinkled drops or pieces, without smell 
or taste, and mostly transparent. In water it slowly forms a 
pulp or jelly like gum tragacanth; but if pounded well in a 
mortar, and then boiled in water for fifteen minutes with con- 
stant agitation, it is completely dissolved. A tea spoonful of 
its powder gives to water the consistence of capillaire. In 
India it enters into the composition of some varnishes; it is 
used in calico-printing, and is one of the ingredients of a fa- 
mous medicine for herses among them.{ 

7. It has been remarked by Mr. Barrow, and probably also 
by others, that all the plants which yield gum have an astrin- 
gent bark.§ Almost all the trees Sneed to yield gum have 
been enumerated in the preceding part of this section. 

8. Gum is a nutritive food, aioe seldom employed for 
that purpose, except when in the state of mucilage, and though 
from M. Magendie’s experiments it does not seem capable of 
supporting life by itself. It is used frequently as a paste, and 
to give stiffness or lustre to linen. ‘The calico-printers use it in 
great quantities to give their colours such a degree of consist- 
ency as prevents them from running upon the cloth. It forms 
an ingredient in ink for a similar reason. In medicine it forms 
the base of many mixtures. 


SECT. V. 


OF MUCUS. 


Tue substances to which I give the name of mucus have 
been hitherto considered as varieties of gum. But the expe-’ 
riments on them by Dr. Bostock have ee that their pro- 
perties differ so much from those of gum, as to entitle them 
to a separate place as peculiar vegetable principles. They 


* Roxburgh, Nicholson’s Journal, xxvii. 70. - 
t See Nicholson’s Jour. vii. 301. t Cowie, Nicholson’s Jour. vii. 301, 
§ Travels in South Africa. 
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are extremely numerous, existing in the roots, leaves, and Chap. 1. 
seeds of a great variety of plants. They seldom or never se- 
parate spontaneously, but may be obtained artificially in a 
state of tolerable purity. Only a few species have been hi- 
therto examined, so that we are uncertain how far their pro- 
perties agree, and only include them all under one head from 
analogy. 

Linseed yields one of the purest. Dr. Bostock obtained it Linseea 

by infusing the seeds in ten times their weight of water. A” 
fluid is obtained of the consistence of the white of an egg, 
which has the adhesive qualities of mucilage of gum arabic. 
Its taste and appearance resemble those of that liquid... When 
“mixed with alcohol the mucus is precipitated in white flocks, 
but the liquid does not become opaque and milky like muci- 
lage of gum arabic when mixed with alcohol: Acetate of 
lead throws Gown) a copious dense precipitate. Super-acetate 
of lead, and permuriate of tin render the liquid opaque, and 
also throw down a precipitate. The nitrate of mercury oc- 
casions a very slight precipitate, while muriate of gold, per- 
sulphate of iron, and silicated potash, produce no sensible 
effect whatever. No change is produced by the infusion of 
nutgalls.* 

Becta quince seeds, and the root of the hyacinth, Dr. otter va- 
Bostock obtained solutions of mucus which exhibited the ™** 
above properties with some shades of difference. ‘Thus quince 
seed mucus was coagulated by acids, and by most metallic 
salts, aud the mucus from the hyacinth was precipitated by 
infusion of nutgalls. ‘These differences were probably owing 
to foreign bodies; such as starch, gluten, &c. with which the 
mucus happened to be mixed in these cases, and from which 
we know no method of separating it completely. 

Mucus is contained in the roots and leaves of a vast num- 
ber of plants. Alrhost all the bulbous roots and fleshy leaves 
yield it. For example, the roots of the hyacinthus nonscriptus 
and the althea officinalis; the leaves of the althea, of the malva 
sylvestris, of many of the fuct, and of the greater number of the 
lichens; the seeds of flax, quinces, fenugrec, ‘&e. 

The bulbs of the hyacinth contain so much mucus, that 
when dried they may be employed as a substitute for gum 
arabic. This was first made known to the public by ‘Mr. 


* Bostock, Nicholson’s Jour. xviii. 31, 
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Bok iy, Thomas Willis.* He afterwards found that the roots of the 


How ob- 
tained. 


Properties. 


vernal squill, the white lily, comfrey, and salop, might be 
employed also for similar purposes.+ A mucus may be ex~ 
tracted from most of the stringy lichens, which likewise 
answers all the purposes of a solution of gum. This was first 
ascertained by Georgi, who published a dissertation on the 
subject in the Memoirs of the Petersburgh Academy for 1779.1 
His experiments were repeated and varied by Amoreux, who 
published the result of his trials in 1787. § 

Hoffmann also found abundance of gum in many lichens. || 
Lord Dundonald first thought of applying this discovery to 
practical purposes. During the last war, when the price of 
eum was high, lichens, at his Lordship’s suggestion, were very 
much employed as a substitute by the calico-printers in this 
country. 

The mucilaginous quality of the fuci is apparently still 
greater than that of the lichens, though the mucilage obtained 
frat them does not answer so well. 


SECT. VI. 
OF JELLY. 

Ir we press out the juice of ripe blackberries, currents, 
and many other fruits, and allow it to remain for some time 
in a state of rest, it partly coagulates into a tremulous soft 
substance, well known by the name of jelly. If we pour off 
the uncoagulated part, and wash the coagulum with a small 
quantity of water, we obtain jel/y approaching to a state of 
purity. 

In this state it is nearly colourless, unless tinged by the 
peculiar colouring matter of the fruit; it has a pleasant taste 
and a tremulous consistency. It is scarcely soluble in cold 
water, but yeh, soluble in hot water; and when the solution 


* Phil. Mag. xv. 1803. ir re Nicholson’s Jour. po 239; 
{ The lichens which he tried were the farinaceus, glaucus, physodes, and 

oabdouarene 

§ The academy of Lyons had proposed a prize dissertation on the lichens 
in 1786, Three memoirs were approved of, and published by them in 
1787, written. respectively by Willemet, Amoreux, and Hoffmann. The 
lichens examined by Amoreux, and found to yield a gum, were the pul- 
monurius, prunastris, islandicus, fraxineus, canius, apa See his 
Memoir, p. 95. 

|| See his Memoir, p. 23, and passim. 
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cools, it again coagulates into the form of a jelly.* When chap.1. 


long boiled, it loses the property of gelatinizing by cooling, 

_ and becomes analogous to mucilage.t This is the reason 
that in making current jelly, or any other jelly, when the 
quantity of sugar added is not sufficient to absorb all the 
watery parts of the fruit, and consequently it is necessary to 
concentrate the liquid by long boiling, the mixture often 


loses the property of coapilaten 7; and the jelly of course is 


spoiled. 

Jelly combines readily with alkalies; nitric acid converts it 
into oxalic acid, without ‘separating any azotic gas.§ When 
dried it becomes transparent. || When distilled it affords a 
great deal of pyro-mucous acid, a small quantity of oil, and 
scarcely any ammonia.** 

Jelly exists in all acid fruits, as oranges, lemons, goose- 
berries, &c. If the juices of these fruits be allowed to gela- 
tinize, and then poured upon a searce, the acid gradually 
filters through, and leaves the other; which may be washed 
with a little cold water, and allowed to dry. Its bulk gra- 
dually diminishes, and it concretes into a hard transparent 
brittle mass, which possesses most of the properties of gum. 
Perhaps, then, jelly is merely gum combined with vegetable 
acid. 


SECT. VII. 


OF ULMIN. 


Tuts substance was first noticed in 1804, by Klaproth, who nistory. 


found it in a spontaneous exudation from the elm.;+ It was 
noticed in 1810 by Berzelius in his experiments on the bark 
of the pine, and on Jesuits bark.t{{ On the tenth of Decem- 
ber, 1812, a set of experiments on the exudation from the 
elm, which had been examined by Klaproth, was read to the 
Royal Society. ‘These experiments were made by Mr. Smith- 
son, well known for his precision. §§ Two or three days be- 
fore the tenth of December, I had printed in the first number 
of the Annals of Philosophy, a set of experiments on an exu- 
dation from the common elm which had been collected at 


* Vauquelin, Ann, de Chim. vi. 282. + Ibid. v. 100. 
} Ibid. v. 10. § Ibid. vi. 282. | Ibid. v. 100. 
** Thbid. vi. 286. +t Gehlen’s Jour. iv. 329, 


¢} Afhandlingar, iii. 347. §§ Phil. Trans. 1813, p. 64. 
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Book Iv. Plymouth by Mr. Coulson.* The result of my experiments - 
“— corresponded very nearly with those of Mr. Smithson; and 


Properties, 


showed that the extraordinary properties of ulmin, announced 
by Klaproth, did not belong to it. I afterwards examined 
varieties of ulmin from the Gale! the hornbeam, and the horse- 
chesnut; and was so fortunate as to receive a specimen from 


Dr. Leach in a state of purity.t 


From the observations of Berzelius it appears that uJmin 
forms a constituent of the bark of almost all trees. If the 
bark be first digested in alcohol, and afterwards in cold water, 
we may obtain the ulmin nearly pure, by digesting the bark 
thus treated in hot-water, holding some carbonate of potash 
in solution. { ‘The properties of ulmin are as follows. 

1. Its colour is dark-brown or almost black. It has scarcely 
any taste or smell. 

2. It dissolves slowly, and only in small quantity, in water 
and in alcohol. The solution is pale-brown and tasteless. 
Hardly any metalline salt precipitates the aqueous solution 
of ulmin, except pernitrate of mercury and acetate of lead, 
both of which cause brown flocks to fall down. The alcohol 
solution is precipitated dark-brown by sulphate of iron and 
sulphate of copper. 

3. When a weak solution of carbonate of potash is poured 
upon ulmin a dark-brown solution is immediately effected. 
The ulmin as it exudes from the elm is almost always com- 
bined with a quantity of carbonate of potash. Hence the ~ 
reason that it dissolves so readily in water. 

This solution (supposing the carbonate of potash to amount 
to 4th of the weight of the ulmin) has a dark brown colour, 
it is not in the least mucilaginous or ropy, and cannot, like the 
solution of gum in water, be employed to paste pieces of paper | 
together. It is not precipitated by gelatine, tincture of nut- 
galls, or hydrocyanate of potash. Sulphate of iron occa- 
sions a copious precipitate, which in some cases is brown, and 
in some cases green. Nitric acid occasions a reddish-brown 
precipitate by saturating the potash which held the ulmin in 
solution. Alcohol occasions no-precipitate. But all the 
acids precipitate the ulmin. When thus obtained it is buff- 
coloured, and after being dried is not sensibly soluble either 
in water or alcohol. 


* Annals of Philosophy, i. 23. 
+ Ibid. ii. 11, 395, 396. t Ibid. ii. 314. 
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4. Ulmin when heated swells and catches fire; but does 
not melt. ‘The smell which is given out has not the least re- 
semblance to that of caromel. 

Ulmin seems hitherto to have been confounded with ex- 
tractive by chemists. In many cases it has passed for tannin. 


SECT. VIII. 
OF COLOURING MATTERS. 


THE colouring principles of vegetables are so numerous 
and so various in their properties that they will hereafter fill 
a very extensive department of vegetable chemistry. But 
hitherto so few of them have been obtained in a separate state 
and subjected to a chemical examination, that it would be in 
vain to attempt a particular description of each. I shall 
therefore merely notice the following, which have been ho- 
noured with a more particular investigation of their properties 


| I, POLYCHROITE. 

This substance constitutes the colouring matter of crocus 
sativus or safron, and is the substance which Hermbstaedt 
announced as pure extractive. Its properties were investigated 
in 1811, by Bouillon Lagrange and Vogel,* who gave it the 
name of polychroite on account of the different colours which 
it is capable of assuming. 


47 
Chap. I. ! 


To obtain polychroite, form an infusion of safron in watery yow ob- 
evaporate the infusion to the consistency of honey, digest the te4- 


residue in alcohol of the specific gravity 0°800, filter the so- 
lution and evaporate to dryness. ‘he dry mass is polychroite 
in a state of purity. It possesses the following properties. 

_ Its colour is intensely yellow. When exposed to the air it 
absorbs moisture and becomes a viscid liquid. It is very so- 
luble in water and in alcohol. But insoluble, or scarcely so- 
luble in sulphuric ether. | 

When the aqueous solution is exposed to the rays of the 
sun it becomes colourless, and the yellow colour cannot be 
again restored. Hence it appears that the polychroite is de- 
stroyed, or at least its nature altered by the action of the 
solar ray. 

When sulphuric acid is dropped into the aqueous solution 
of polychroite the liquid assumes a deep indigo-blue colour, 


* Ann. de Chim. Ixxxi. 188. 
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which gradually becomes lilac. The same change is produced 
by sulphuric acid on the alcoholic solution. 

Nitric acid causes these liquids to assume a green colour.. 
The addition of a little water causes these colours to disap- 
pear, and when the proportion of acid is increased, other 
shades make their appearance. 

Chlorine destroys the colour of these liquids altogether. 

Sulphate of iron throws down a dark-brown precipitate, 
lime-water a yellow precipitate, barytes water a red precipitate. 
Subacetate of lead throws down a safron coloured precipitate. 
Acetate of lead produces no effect; but nitrate of mercury 
throws down a red powder. 

Polychroite is insoluble in oils. 

When this colouring matter is distilled, there comes over 
an acid water, and an oil of a lemon-yellow colour, which is 
succeeded by an oil of a darker colour, and almost brown. At 
the same time carbonic acid and carburetted hydrogen gases 
are disengaged. When the charcoal that remains is calcined 
with potash a portion of hydrocyanic acid is formed. 


II. HEMATIN. 


This substance constitutes the colouring matter of the 
hematoxylon campechianum or logwood so universally known 
as a dye stuff. Its properties were investigated by Chevreul 
in 1812, who first recognised it as a peculiar substance, and 
gave it the name prefixed to this article.* 

Hematin may be obtained by the following process. Di- 
gest for several hours logwood in powder in water of the tem- 
perature 125°. Filter the liquid, evaporate it to dryness, and 
digest the residue for a whole day in alcohol of the specific 
gravity 0°$37. Filter the alcohol, concentrate it by evapora- 
tion, then add a little water, evaporate a little farther, and 
leave it to itself. Crystals of hematin are deposited in abun- 
dance. These, when washed with alcohol and dried, may be 
considered as hematin in a state of purity. 

Hematin thus prepared is in small brilliant crystals, of a 
reddish-white colour, and a slightly astringent, bitter, and 
acrid taste. 

Boiling water dissolves it with facility, and acquires an 
orange-red colour; which becomes yellow when the liquid 
cools ; but heat again restores the original colour. When this 


* Ann, de Chim, lxxxis 128. 
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liquid is evaporated the hematin crystallizes. The addition of chap. 


an acid renders it first yellow and then red. Sulphurous 
acid however gradually destroys the colouring matter alto- 
gether if it be left long enough in contact with it. Potash, 
soda, and ammonia, give it a purplish-red colour, and when a 
great excess of these alkalies is added the colour becomes 
violet-blue ; then reddish-brown, and at last yellowish-brown 
The hematin is then decomposed as its colour cannot be again 
restored by the addition of acids. Barytes, strontian, and 
lime-water produce the same effects: only they gradually pre- 
cipitate hematin from its solution. 

When a current of sulphuretted hydrogen gas is. passed 
through an aqueous solution of hematin it assumes a yellow 
colour, which disappears in the course of a few days. The 
oxides of lead, tin, iron, copper, nickel, zinc, antimony, and 
bismuth, unite with hematin, and give it a blue colour with 
a shade of violet. The peroxide of tin acts upon it as the mi- 
neral acids do. Gelatine throws it down in reddish flocks. 
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Besides these colouring matters there are several others, other sper 


such as madder, saflower, ive that would deserve a parti- “* 


cular description. But as these substances have not yet 
been analyzed, and their colouring ingredient obtained in a 
separate state, I think it better to defer the account of them 
to the ensuing chapter. . Indigo, which has been sufficiently 
examined to ascertain its peculiar properties seems entitled, 
from its great importance, to rank as a peculiar vegetable 
principle. 


Shey. LX. 


OF BITTER PRINCIPLES. 


Many vegetable substances have an intensely bitter taste, Plants con- 


and on that account are employed in medicine, by brewers, 


eacelsa, the common guassia of the shops; with the roots of 
the gentiana lutea, common gentian; the leaves of the humulus 
lupulus or hop; the bark and wood of the spartium scoparium. 
or common broom; the flowers and leaves of the anthemis 
nobilis or oe and many other substances. These 
bodies owe their bitter taste to the presence of peculiar vege~ 
table substances differing from every other, which may be 
distinguished by the name of bitter principles. 
VOL. IV. E 


taining bite 
ter princi- 


&c. This is the case with the wood of the guassia amara and ?!* 
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Of late years several of these peculiar substances have been 
examined and characterized; and doubtless there are others 
with which we are not yet acquainted. I shall give an ac- 
count in this section of the different bitter tasted vegetable 
substances that appear to possess distinct qualities and to differ 
from each other by well characterized properties. I have 
little doubt that several of them will be found to possess alka- 
line properties. 3 


I. Quassin, or Bitter Principle of Quassia. 


I. When water is digested over guassia for some time, it 


acquires an intensely bitter taste and a yellow colour, but no — 


smell. When water thus impregnated is evaporated to dry- 
ness in a low heat, it leaves a brownish-yellow substance, 
which retains a certain degree of transparency. It continues 
ductile for some time, but at last becomes brittle. This sub- 
stance I shall consider as quassia in a state of purity. If it 
contain any foreign body, it must be in a very minute pro- 
portion. This substance I find to possess the following pro- 
perties : : | 

1. Its taste is intensely bitter. Colour brownish-yellow. 

2. When heated, softens, and swells, and blackens; then 
burns away without flaming much, and leaves a small quantity 
of ashes. 

8. Very soluble in water and’alcohol. 

4. Does not alter the colour of infusion of litmus. 

5. Lime-water, barytes-water, and strontian-water, occasion 
no precipitate. Neither is any precipitate thrown down by 
silicated potash, aluminated potash, or sulphate of magnesia. 


» 


6. ‘The alkalies occasion no change in the diluted solution | 


of the bitter principle. 

7. Oxalate of ammonia occasions no precipitate. 

8. Nitrate of silver renders the solution muddy, and a very 
soft flaky yellow precipitate falls slowly to the bottom. 

9. Neither corrosive sublimate nor nitrate of cgnne occa- 
sion any precipitate. 

10. Nitrate of copper, and the ammoniacal solution of 
copper, produce no change; but muriate of copper gives the 
white precipitate, which falls when this liquid salt is dropped 
into water. 

11. Sulphate and permuriate of iron occasion no ehaniee 

12, Muriate of tin renders the solution muddy, but occa- 
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sions no precipitate, unless the solution be concentrated ; in ‘Chap. 1. 


that case a copious precipitate falls. 

13. Acetate of lead occasions a very copious white precipi- 

tate; but the nitrate of lead produces no change. 
_ 14. Muriate of zinc occasions no change. 

15. Nitrate of bismuth produces no change, though when 
the salt is dropped into pure water a copious white precipitate 
appears. | 

16. Tartar emetic produces no change; but when the mu- 
riate of antimony is used, the white precipitate appears, which 
always falls when this salt is dropped into pure water. 

17. Muriate and arseaiate of cobalt occasion no change. 

18. Arseniate of potash produces no effect. 

19. Tincture of nutgalls, infusion of nutgalls, gallic acid, 
occasion no effect. 

_ These properties are sufficient to convince us that the bitter 
principle is a substance differing considerably from all the 
other vegetable principles. The little effect of the different 
reagents is remarkable. Nitrate of silver and acetate of lead 
are the only two bodies which throw it down. This precipi- 
tation cannot be ascribed to the presence of muriatic acid ; 
for if muriatic acid were present, nitrate of lead would also 
be thrown down. Besides, the flakes produced by nitrate of 
silver are too light, and indeed have no resemblance what- 
ever to muriate of silver. The precipitate by acetate of lead 
is very copious. ‘This salt is therefore the best substance for 
detecting the presence of the bitter principle, when we are 
certain that no other substance is present which throws down 


lead. 


Vauquelin has examined the bitter principle in the fruit of rxists in 


the colocynth (cucwmis colocynthis), and in the root of the 
briony (brionia alba), two vegetable bodies which have been 
employed in medicine, and possess strong lethargic powers. 
The bitter principle in these substances, as far as his experi- 
ments went, possesses exactly the properties of the bitter 
principle of quassia.* It is probable also that hops, gentian, 
_ and broom, contain the same bitter principle. 

When alcohol is digested for some months upon wheat 
flour, and then distilled, it leaves a yellowish-brown substance 
behind it, which possesses (as far as I have examined it) all 
_ the properties of the bitter principle of quassia. 

* Vauquelin, Essais Analytiques des Racines d’Ellebore d’Hiver et de 
Brione, Ann, de Mus. d’Hist. Nat. No. xliii. 91. 
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II. Scillitin, or Bitter Principle of Squiils. 


This is the peculiar substance to which the bulb of the sczlla 
maritima, or squill, owes its medicinal qualities. Its properties 
were investigated by Vogel in 1812, who pointed out its pe- 
culiar nature, and gave it the name by which it is distin- 
cuished.* It may be obtained by the following process. 'The 
juice of the bulbs being expressed was boiled for a few mi- 
nutes, and a quantity of citrate of lime which appeared was 
separated. It was then evaporated to dryness, and the dry 
residue digested in alcohol as long as that liquid took up any 
thing. ‘The alcoholic solution was evaporated to dryness, 
and the residue (which consisted of scillitin and tannin) was 
redissolved in water. Acetate of lead was dropped in to 
throw down the tannin. The liquid was filtered, and the 
excess of lead which had been added was separated by means 
of a current of sulphuretted hydrogen gas. ‘The liquid be- 
ing again filtered, was evaporated to dryness to drive off the 
acetic acid from the acetate. The dry mass was sscillitin, 
mixed with a little sugar, from which it was not in Vogel’s 
power to separate it. 

Scillitin thus obtained is white and transparent, and breaks 
with a resinous fracture. ‘It was easily reduced to powder. 
It absorbs water rapidly from the atmosphere, and becomes 
at first a viscid mass, and at last quite fluid. Its taste is in- 
tensely bitter, leaving a slight impression of sweet from the 
sugar with which it is mixed. It dissolves readily in water, 
and gives it a mucilaginous consistency like gum. It dis- 
solves likewise very readily in cold alcohol of 0°817, and still 
more readily in that liquid while hot. When heated, it 
swells prodigiously, and gives out a distinct odour of caromel. 
When treated with nitric acid no saclactic acid is formed. | 


Til. Caffein, or Bitter Principle of Coffee. 
This species is distinguished from the preceding by the 


property which it has of striking a green colour with iron, 
and of precipitating that metal from concentrated solutions. 
Mr. Chenevix separated a portion of it from coffee by the 
following process: he digested unburnt coffee in water, and 
filtered the liquid. It was then treated with muriate of tin. The 
precipitate was edulcorated, mixed with water, and treated, 


* Ann, de Chim. Ixxxili. (47. 
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with sulphuretted hydrogen gas. The tin was thus precipi-. chap. 1. 


tated, and the substance with which it had been combined 


was dissolved by the water. The liquid was then evaporated: 


to dryness. ‘I'he substance thus obtained possessed the follow- 
ing properties : 

1. Semitransparent like horn, and if a yellow colour. 

2. When exposed to the air, it does not attract’ moisture. 

$. Soluble in water and in alcohol. The solution in water 
is semitransparent, and has a pleasant bitter taste. When the 
alkaline solutions are dropped into it, the colour becomes gar- 
net-red. . 

4. It is not precipitated from water by the alkaline carbon- 
ates. Sulphuric acid renders the solution brown, but produces 
no further change. Neither muriatic acid, nor phosphoric 

acid, nor the vegetable acids, produce any change on. this 
solution. | 

5. The muriates of gold, platinum, and copper, occasion 
no change. : 

6. With solutions of iron it forms a fine puesta deli li- 
quid; and when concentrated, iron throws down a green- 
coloured precipitate. Indeed it is almost as delicate a test of 
iron as tan and gallic acid. | 

7. Muriate of tin throws down a copious. yellow precipitate, 
This precipitate, and that by iron, are soluble in-all acids, but 
they lose their colour. 

8. Neither lime nor strontian water occasion any precipitate 
in. the aqueous solutions of this substance; but barytes water 
occasions a brown precipitate. 

9. Gelatine occasions no precipitate.* 

From the experiments of Bouillon la Grange, it appears that 
a substance similar to this species of bitter principle exists in 
the flowers of the arnica montana.+ ‘There is reason for believing 
that the bitter principle which characterizes the following 
plants belongs also to this species; absinthiwm vulgare (worm- 
wood,) juniperus sabinus (sabine,) ruta graveolens (rue,) anthe- 
mis nobilis (chamomile,) achillea millefolium (milfoil. ) 


IV. Daphnin, or Bitter Principle of Daphne Alpina. 


Properties, 


“This species was obtained by Vauquelin from the bark of Preparation. 


daphne alpina. The bark was digested in alcohol, and the 
liquid was concentrated till.the resin separated. The residual 


* Phil. Mag. 1802, May, p. ‘350. t Ann. de Chim. lv. 35, 
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liquid, being diluted with water and filtered, was mixed with 
acetate of lead. A copious yellow precipitate falls.. This pre- . 
cipitate being separated by the filter, is diluted with water, 
and is treated with sulphuretted hydrogen gas to get rid of the 
lead. Being filtered and sufficiently concentrated, the daph- 
nin separated in small transparent crystals. It is hard, has a 
greyish colour, and a very bitter taste. When heated, it eva- 
porates rapidly in sharp vapours. It is sparingly soluble in 
cold water, much more soluble in boiling water, and separates 
in crystals as the solution cools. Its solution is not precipi- 
tated by acetate of lead. When heated in a retort, it melts, 


‘blackens, and emits an acid.* 


V. Artificial Bitter Principle. 


_ This species has been formed by the action of nitric acid on 
various vegetable and animal substances., It was first ob- 
tained by Haussman while examining indigo, but he mistook 
its nature. Welther afterwards founien it by digesting silk in 
nitric acid, ascertained its properties, and gave it the name 
of yellow bitter principle ;+ he is therefore to be considered as 


‘the real discoverer. Bartholdi afterwards procured it by treat- 


ing the white willow with nitric acid.{ Mr. Hatchett ob- 


tained it during his experiments on artificial tannin, by treating 


indigo with nitric acid;§ and about the same time Fourcroy 
and Vauquelin procured it by the same means, and examined 
its properties in detail.|| Mr. Chevreul is of opinion that it is 
a compound of nitric acid and a peculiar vegetable substance, 
probably of an oily nature.** It possesses the following pro- 
perties: 

Its colour is a deep yellow, its taste intensely bitter. It is 
soluble both in water and alcohol, and has the property. of , 
dyeing silk, woollen cloth, and cotton, of a durable yellow 
colour. It crystallizes in elongated plates, and possesses many 
of the characters of an acid, combining readily with alkaline 
substances, and forming crystallizable salts. _ When potash is 
dropped into a ent an tial solution of it, small yellow pris- 


matic crystals are gradually deposited, consisting of bitter 


principle combined with potash. ‘These crystals were exa- 
mined by Welther, but it was Fourcroy and Vauquelin that 


* Ann. de Chim. Ixxxiv. 174. + Ibid. xxix. 301. 
t Ibid. xxxii. 187. § Phil. Trans. 1805. 
| Phil. Mag. xxiii. 255. ** Ann. de Chim, lxxii, 118. 
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ascertained their composition. They have a bitter taste, are Chap. F- 


not altered by exposure to the air, and are less soluble than pure 
bitter principle. When thrown upon hot charcoal they burn 
like gunpowder, and detonate very loudly when struck upon 
an anvil, emitting a purple light.* Ammonia dropped into 
the solution of bitter principle deepens its colour, and occa- 
sions a copious deposition of fine yellow spicular crystals. 
These are a combination of bitter principle and ammonia.+ 


It combines likewise with the alkaline earths, and with metal- 


lic oxides, as has been shown by the experiments of Chevreul. 


VI. Artificial Tannin. 

This itself may be considered as approaching the bitter 
principle in many of its properties. Its taste lis always in- 
tensely bitter, and the colour of the precipitates which it 
throws down from the metals is similar to what takes place 
when artificial bitter principle is present. It is indeed possible 
that the bitter taste may be owing not to the tannin, but toa 
portion of artificial bitter principle which may be always formed 
along with the tannin; but this has not been ascertained. It 
is well known that the bitter taste very easily overpowers and 
conceals all other tastes. 


SECT. X. 


OF NICOTIN. 


* Tuts substance exists in the leaves of the nicotiana latifolia, 
or tobacco, and gives that plant its peculiar properties. It was 
obtained in 1809 by M. Vauquelin, to whom we are indebted 
_ for all the facts respecting it yet known.t It may be obtained 
from the juice of tobacco leaves by the following process. 


Evaporate, the juice to one fourth of its volume, and allow Preparation. 


it to cool. A quantity of malate of lime will be deposited 
under the form ofa gritty powder. Separate this matter, and 
continue to concentrate the liquid as long as any saline matter 
can be obtained from it. When it is so much inspissated that 
nothing farther can fall, digest it’ in alcohol, which will take 
up the uncombined malic and acetic acids that it contains, the 
nicotin and a portion of sal ammoniac. Distil the alcohol off 


~ * Welther, Fourcroy, and Vauquelin. 
+ Hatchett, Phil. Trans. 1805. t Ann. de Chim. lxxi. 139. 
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in a retort, and concentrate the residual matter nearly to dry- 
ness, taking care not to injure it by the application of too 
much heat. Dissolve it a second time in more concentrated 
alcohol, in order to separate a portion of animal matter which 
had been dissolved in the first alcohol solution in consequence 
of the water present. Distil off this second portion of alcohol. 
Dissolve the residue in water, saturate the acetic and malic acids 
with potash; and distil the water off to dryness. This water, 
though colourless, contains in solution a quantity of nicotin. 
By dissolving the residual matter in water, and distilling a 
second time, an additional quantity of nicotin may be ob- 
tained. And by repeating this process, a sufficient number 
of times, the whole of the nicotin may be obtained in so- 
jution in water. By a very cautious evaporation, the water 
may be driven off, and the nicotin obtained in a state of 
purity. ; 

This substance is colourless. It has an acrid taste, and the 
peculiar smell which distinguishes tobacco. It occasions vio- 
Jent sneezing. 

It is soluble in water and in alcohol. Both solutions are 
colourless, and distinguished by the peculiar taste and smell 
of nicotin. | 

It is precipitated from its solutions by tincture of nutgalls: 
It is volatile, and possesses poisonous qualities. And accord- 
ing to Vauquelin approaches the volatile oils in its properties. 


SECT. XI. 


OF EXTRACTIVE. 


«< 


The word extract was at first applied to all those sub- 
stances which were extracted from plants by means of water, 
and which remained behind in the state of a dry mass when 
the water was evaporated ; consequently it included. gum, jelly, 
and several other bodies. But of late it has been confined by 
many to a substance which is supposed to exist in many 
plants, and which may be obtained tolerably pure from the 
bark of the cinchona officinalis according to the experiments 
of Schrader. But as the word extract occurs even in modern 
authors in its original sense, I shall rather denote this snb- 


Stance by the phrase extractive principle, to prevent ambi- 


guity. 


bl 
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Indeed it is becoming more and more probable every day, Chap.1. 


-that no substance entitled to the name of extractive exists 


in plants.* 
The difficulty of obtaining the extractive principle in a se- step ak 


parate state, and the fiethity with which it alters its nature, ” 


have hitherto prevented chemists from examining it with that 
attention to which it is entitled. It was first particularly at- 
tended to by Rouelle; but it is to Fourcroy and Vauquelin 
that we are chiefly indebted for ascertaining its characters. 
The dissertation of Vauquelin in the Journal de Pharmacie, 
is by far the best account of extractive matter which has 
hitherto appeared. Many valuable facts and curious obser- 
vations were published by Schrader im his dissertations on ex- 
tractive.} But unfortunately the term has not been always 
taken by chemists in the same acceptation. Parmentier has 
for example published a dissertation on the extracts of vege~ 
tables taken in the loose and general sense of the word, which 
contains much information.{ ‘There cannot I think be any 
doubt that under the term extractive, chemists have hitherto 
confounded together a variety of different vegetable principles. 
Some of these, as ulmin, polychroit, &c. I have distinguished 
by peculiar names, and perhaps it would be wisest to lay aside 
the term extractive altogether. But in the present state of 
obscurity in which this department of vegetable chemistry con- 
tinues, I am unwilling to withhold the facts collected in this 
section, which though imperfect and probably partly inaccu- 
rate, will yet be useful to those who apply themselves to the 
investigation of this subject. 
The extractive principle possesses the following properties : 
1. Soluble in water, and the solution is always coloured. Properties 

When the water is slowly evaporated, the extractive matter is 


obtained in a solid state and transparent; but when the eva- 
poration is rapid the matter is opaque. 


2. The taste of extractive is always strong; but it is very 
different according to the plant from which it is obtained. 

3. Insoluble in absolute alcohol and in ether; but soluble 
in alcohol when it contains water. | 

4, By repeated solutions and evaporations, the extractive 


* The reader is referred to a valuable paper by Braconnot, on | this sub- 
ject, in the Jour. de Phys. Ixxxiv. 267. 

+ Gehlen’s Jour. Second Series, viii. 548, and Schweigger’s Jour. ix. 139. 

J Ann. de Chim. xliii. 19, 
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Bookiv. matter acquires a deeper colour, and becomes insoluble in 


water. This change is considered as the consequence of the 
absorption of the oxygen of the atmosphere, for which the ex- 
tractive principle has a strong affinity. But if the solution 
be left to itself; exposed to the atmosphere, the extract is- 
totally destroyed in consequence of a kind of putrefaction 
which speedily commences. 

5. When chlorine is poured into a solution containing ex-~ 
tractive, a very copious dark-yellow precipitate is thrown 
down, and the liquid retains but a light lemon-colour. These 
flakes are considered as oxygenized extractive. It is now in- 
soluble in water; but hot alcohol dissolves it. 

6. The extractive principle unites with alumina, and forms 
with it an insoluble compound. Accordingly, if sulphate or 
muriate of alumina be mixed with a solution of extractive, a 
flaky insoluble precipitate appears, at least when the liquid is 
boiled ; but ifan excess of acid be present, the precipitate does 
not always appear. 

7. It is precipitated from water by concentrated sulphuric 
acid, muriatic acid, and probably by several other acids. 
When the experiment is made with sulphuric acid, the fumes 
of vinegar generally become sensible. 

8. Alkalies readily unite with extractive, and form com- 
pounds which are insoluble in water. 

9. The greater number of metallic oxides form insoluble 
compounds with extractive. Hence many of them, when. 
thrown into its solution, are capable of separating it from 
water. Hence also the metallic salts mostly precipitate ex- 
tractive. Muriate of tin possesses this property in an eminent 
degree. It throws down a brown powder perfectly insoluble, 
composed of the oxide of tin and vegetable matter. 

10. If wool, cotton, or thread, be impregnated with alum, 
and then plunged into a solution of extractive, they are dyed 
of a fawn-brown colour, and the liquid loses much of its ex- 
tractive matter. This colour is permanent, The same effect 
is produced if muriate of tin be employed instead of alum. 
This effect is still more complete if the cloth be soaked in 
chlorine, and then dipped into the infusion of extractive. 
Hence we see that the extractive matter requires no other 
mordant than oxygen to fix it on cloth. 

11. When distilled, extractive yields an acid | Tiguid im- 
pregnated with ammonia.* 


* See Vauquelin. 
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It cannot be doubted that there are many different species tap. 1. 

of extractive matter; though the difficulty of obtaining each 
separately has prevented chemists from ascertaining its nature 
with precision. Jxtracts are usually obtained by treating the Properties of 
vegetable substance from which they are to be procured with pee 
water, and then evaporating the watery solution slowly to 
dryness. All extracts obtained by this method have an acid 
taste, and redden the infusion of litmus. They all yield a 
precipitate while liquid if they are mixed with ammonia. 
This precipitate is a compound of lime and insoluble extract- 
ive. Lime always causes them to exhale the odour of am- 
monia. It has been ascertained that the extractive principle 
is more abundant in plants that have grown to maturity than 
in young plants. 

As the extracts of vegetables prepared by apothecaries for 
medical purposes, besides the extractive principle, always con- 
tain other bodies, frequently to the number of eight or more, 
and as the greater number of them are still but imperfectly 
examined, I shall satisfy myself at present with pointing out 
some of those vegetable substances which have been ascer- 
tained to contain extractive principle, and stating the con- 
stituents of such as have been analysed. 

1. Extractive principle is not an uncommon ingredient in Extractive 
the sap of trees. Indeed Deyeux and Vauquelin found it in “ *” 
almost all those which they examined. It is usually thrown 
down when the sap is mixed with chlorine, and it precipi- 
tates in brown flakes while the sap is evaporating on a sand 
bath. 

2. It forms a constituent of the bark of all trees hitherto or bark, 
examined. This was evidently the case with all the barks 
which Davy subjected to experiment; namely, those of oak, 
Leicester willow, Spanish chesnut, elm, common willow, and 
undoubtedly all barks which have an astringent taste; for tan 
and extractive seem scarcely ever to be found separate. 

3. The infusion of catechu contains an extractive principle, of catechu, 
united chiefly to tan. It may be obtained in a state of purity 
by washing the catechu in powder repeatedly with water till 
the fluids obtained cease to precipitate gelatine. What re- 
mains is extractive. It is of a pale reddish-brown colour, 
and a slightly astringent taste, leaving in the mouth a sensa- 
tion of sweetness. It has no smell. Its solution in water. is 
at first yellow-brown; but it acquires a tint of red when left 
exposed to the air. The solution in alcohol is of a dirty 
brown. It does not affect vegetable blues. Alkalies brighten 
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Book Iv. its colour; but. neither these bodies nor the alkaline earths 
precipitate it from water. Nitrate of alumina and muriate of 
tin render the solution slightly turbid. Nitrate of lead throws 
down a dense light-brown precipitate. It renders persulphate 
of iron green, and throws down a green precipitate, becoming 
‘black byexposure to the air. Linen, when boiled in the solution, 
extracts almost the whole of the extractive, and acquires a light 
red-brown colour. When this extractive is exposed to heat, 
it softens, and its colour becomes darker, but it does not melt. 
When distilled, it yields carbonic acid and carburetted hydro- 
gen gas, weak acetic acid, and a little unaltered extractive. 
A porous charcoal remains.* 

Of senna, 4. The infusion of senna contains a matter of a very pecu- 
liar nature, but which may be considered as a species of ea- 
tractive. ‘The senna of commerce consists of the dried leaves 
of the cassia senna, a shrub-like annual cultivated in Egypt. 
Water, at the ordinary temperature of the atmosphere dissolves 
nearly one-half of the substance of these leaves. The infusion 
obtained has a brown colour, a bitter taste, and a peculiar 
aromatic odour. It contains a considerable proportion of 
carbonate of lime, sulphate of potash, and carbonate of mag- 
nesia, besides a little silica; but the most curious of its con- 
stituents is the extractive. When common air is made to 
pass for some hours through the infusion, a yellow-coloured 
precipitate appears: the same substance is thrown down imme- 
diately by muriatic acid and chlorine. It appears also when 
a current of chlorine gas is made to traverse the infusion. 
This substance is the extractive altered by its combination 
with oxygen. It has a slight bitter taste. It is no longer 
soluble in water. Alcohol dissolves it, but lets it fall when 
diluted... The alkalies dissolve it, and form a deep-brown, 
solution. On burning coals it emits a thick smoke, exhales 
an aromatic odour, and leaves’ a spongy charcoal. These 
properties indicate a very decided approach to the resinous 


state.} . 
Of quinquie 5+ Lhe infusion of Peruvian bark likewise yields an extrac- 
he tive matter of a peculiar nature, which assumes a fine red- 


colour when united to oxygen; and, like the extractive of 
senna, acquires nearly the properties of a resin. It was ob- 
tained by Fourcroy from the quinquina of St. Domingo. 
Water, boiled) on it till it refused to dissolve any thing more, 


* Davy on Astringent Vegetables, p. 25. 
+ Bouillon La Grange, Ann. de Chim. xxiv. 4, 
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was slowly evaporated, and the extract obtained was dissolved Chap. I. 
in alcohol. ‘The alcohol, by evaporation, deposited the pecu- 
liar extractive. Its colour was brown, its taste bitter, insoluble 
in cold, but very soluble in hot water. It was soluble in alco- 
hol. When dry it was black, brittle, and broke with a po- 
lished fracture. Lime-water precipitated it in the state of a 
red powder: chlorine threw it down in the state of a fine red 
powder, neither soluble in water nor alcohol, but capable of 
uniting with alkalies. A stronger dose of chlorine rendered it 
yellow.* 

6. Steinacher has shown that distilled vinegar contains a 
quantity of extractive.t 

The resemblance between extractive bodies and the colour- 
ing matter of. plants is. sufficiently striking. It is more than 
probable, that when this last set of bodies have been examined 
with more precision by chemists, they will be found to belong 
to the same class. 


SECT. XII. 
OF EMETIN. 


Turs remarkable substance was extracted from ipecacuanha 
by MM. Magendie and Pelletier, and called by them emetin, 
because it constitutes the substance in that NOOK, which occa~ 
sions vomitin ng. 

They obtained it by the following method: Ipecacuanha now op. 
was digested first in sulphuric ether, then in alcohol. The ‘ie 
bcobblic solution was evaporated to dryness, re-dissolved 
in water and acetate of lead dropped into the solution. A 
copious precipitate fell, which being edulcorated and diffused 
through water was exposed to a current of sulphuretted hydro- 
gen gas. ‘The lead was precipitated 1 in the state of sulphuret, 
and the emetin dissolved in water. ‘The liquid being filtered 
and evaporated to dryness, the residue consisted of emetin in 
a state of purity. Thus obtained it possessed the following 
properties: : : 

It is in the form of transparent:scales which have a ip fnadinls History. 
red colour. It has no smell. Its taste is bitter and a little 
acrid; but not in the least nauseous. It is not altered by a 


’ 


* Fourcroy, Ann, de Chim. viii. 120. + Jour. de Phys. lxv. 327. 
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‘Book IV. degree of heat inferior to that of boiling water. "When ex- 


posed to a stronger heat it does not melt; but swells, blackens; 
and is deconoced, furnishing water, carbonic acid, a little oil 
and acetic acid. A very spongy and light coal remains. No 
ammonia can be discovered in these products, indicating that 
azote does not enter into the composition of emetin. 

Emetin when exposed to the air undergoes no change, un- 
less the air be very damp, in which case it becomes moist. It 
dissolves very readily in water; but cannot be made to crys- 
tallize. It is soluble in alcohol; but insoluble in sulphuric 
ether. 

Diluted sulphuric acid produces no effect on it ; but concen- 
trated sulphuric acid chars and destroys it. Nitric acid, when 
applied either cold or hot, dissolves it and forms a fine red- 
coloured solution, which gradually passes into yellow while 
nitrous gas exhales, and crystals of oxalic acid are formed, but 
no yellow bitter principle. Muriatic and phosphoric acid dis- 
solve it without alteration, and let it fall again when they are 


saturated with an alkali, acetic acid is one of the best solvents 


of it. Gallic acid on the contrary throws it down from its 
solution in the state of a dirty white precipitate. It is preci- 
pitated equally by infusion of nutgalls, and a slight precipitate 
is produced by the infusion of cinchona. 

The alkalies dissolve the compound of emetin and gallic 
acid. When iodine is poured into the tincture of emetin a red 
precipitate falls which is a compound of emetin and iodine. 

Acetate of lead throws down emetin from its solution in * 
abundance. Protonitrate of mercury gradually throws down 
a slight precipitate. Corrosive sublimate occasions rather a 
greater one. ‘Tartar emetic has no action on it whatever. 

Neither vegetable nor animal substances as far as they have 
been tried have any action on emetin. 

Half a grain of emetin when swallowed occasions violent 
vomiting followed by sleep, and the animal awakes in a state 
of health. ‘Twelve or even six grains of emetin produce yo- 
miting and sleep, followed by death. A violent inflammation 
of the lungs and intestinal canal appears to be the proximate 
cause of the death which in this case ensues.* 


* Ann. de Chim, et Phys. iv. 172. 
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SECT. XII. 


OF ASPARAGIN. 


I «ive this name to a substance discovered in the Juice of Chap. 1. 
asparagus by Vauquelin and Robiquet.* It was procured by 
the following process. 

The juice of asparagus is expressed in the usual way, filtered, Preparation 
evaporated to the consistence of a syrup, and then set aside. 
Various crystals gradually make their appearance, and among 
others crystals of asparagin, easily separated from the rest on 
account of their colour and figure. This substance possesses 
the following properties : | 

1. The crystals are white and transparent, and have the Properties. 
figure of rhomboidal prisms. The greater angle of the rhom- 
boidal base, as ascertained by Haiiy, is 130°. The edges of 
this base, and the two angles at the extremity of its greater 
diagonal, are truncated. 

2. It is hard and brittle. Its taste is cool and slightly nau- 
seous, So as to occasion a secretion of saliva.: 

_3. It dissolves readily in hot water; but in cold water, only 
sparingly. Alcohol does not dissolve it. | 

4, The aqueous solution does not affect vegetable blues. 
Neither infusion of nutgalls, acetate of lead, oxalate of ammo- 
nia, muriate of barytes, nor the hydrosulphuret of potash, oc- 
casion any change in it. 

5. When triturated with potash no ammonia is disengaged 
The potash appears to render it more soluble in water. 

6. When heated it swells, and emits penetrating vapours, 

affecting the eyes and nose like the smoke of wood. It leaves 
a large portion of insipid charcoal, which, when incinerated, 
leaves scarcely a trace of residue. 

7. Nitric acid dissolves it with the eyolution of nitrous gas. 
The solution has a yellow colour and a bitter taste, like that 
of animal substances in the same acid. Lime disengages from 
it a considerable quantity of ammonia. 

Such are the properties of this substance ascertained by 
Vauquelin and Robiquet. They distinguish it sufficiently 
from all other vegetable substances known. 


> 


# Ann, de Chim, lv. 167. Nicholson’s Jour. xy, 249, 
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SECT. XIV. 
OF CERASIN. 


I apopr this name from Dr. John,* to denote a particular 
vegetable principle which has been long known; but which 
hitherto has been confounded with gum. It may be distin- 
guished by the following characters. | | 

1. It is a solid substance possessing the appearance of gum 
and distinguished bya similar taste. It is usually harder than 
gum and not so easily reduced to powder; though this is not 
always the case, especially when it is mixed with gum which 
it frequently is. 


2. When put into water it imbibes that liquid, swells up 


very considerably, and becomes semitransparent and gelati- 
nous, but is not in the least soluble. It dissolves in boiling 
water, but again precipitates when the liquid cools, and re- 
mains in the state of a jelly. This gelatinous mass may be 
used, like gum, to paste together pieces of paper. 

3. Cerasin is insoluble in alcohol and ether. 

4. Cold water acidulated with nitric, sulphuric, or muriatic 
acid dissolves a small portion of it, and when heat is applied, 
the whole of the cerasin dissolves in these liquids. When al- 
kali is dropped into the nitric acid solution, a portion only of 
the cerasin is precipitated. If the liquid be evaporated, the 
remainder is obtained converted into a cen’ bitter tasted 
substance. 

Gum tragacanth may be considered as pure cerasin. It has 
been longest known and is in the most general use. Perhaps 
on that account it might have been as well to have given to 
cerasin the name of tragacanth. 

Tragacanth is the produce of the astragalus tragacantha, a 
thorny shrub which grows in Candia and other islands of the 
Levant. The gum is said to exude about the end of June 
from the stem and larger branches, and soon dries in the sun. 


It is in the state of whitish vermiform pieces, not nearly so | 


transparent as gum arabic. From the two preceding species 
it differs extremely in many of its properties. When put into 
water it slowly imbibes a large quantity of the liquid, swells 
into a large volume, and forms a soft, but not fluid, mucilage. 
If the quantity of water ke more than the gum can imbibe, the 


* More lately he has proposed to substitute the term prunin, because the 
substance which exudes from the fruit of the prunus myrobola when punc- 
tured by insects is almost pure cerasin. See Chemische Untersuchungen, 
a3 17. 
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mucilage forms an irregular mass, which does not unite with Chap. 1 


the rest of the liquid. By agitation, indeed, an apparent solu- 
tion is effected, and the whole assumes a wheyish appearance; 
but on standing, the mucilage again subsides, as at first, and 
the water becomes transparent.* When a solution of gum 


arabic is poured into this solution, the mucilaginous gum tra- 


gacanth separates much sooner than usual, and forms no union 
with the gum arabic.t When treated with nitric acid, it yields 
abundance of saclactic acid, malic acid, and oxalic acid; but 
not the slightest trace of artificial tannin.[ Sulphuric acid 
developes some traces of artificial tannin. ‘The quantity of 
charcoal which it yielded, when digested in sulphuric acid, 
was 0°22, or considerably less than gum arabic yielded in 
the same circumstances.6 "When Mr. Cruickshanks distilled 
480 grains of it in a glass retort, he obtained the following 
products: 


P¥rOMMNCOUS -ACId:>,...0 », ols crores oe cre tn edeo 2&5 OT. 
BO nn pain o tis sk cule vs aie 'F Min ole'® wpreisvenue mo 
Lime with some phosphate.............. 12 
Carbonic acid and carburetted hydrogen gas 130 


ee 
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When the pyromucous acid was saturated with lime, acon- 
siderably greater proportion of ammonia was disengaged than 
from the pyromucous acid of gum arabic. The gases were 78 
ounce measures of carbonic acid, and 91 of carburetted hydro- 
gen.|| This gum yielded to Vauquelin 0°03 of ashes: They 
dissolved in muriatic acid with effervescence, while the odour 
of sulphuretted hydrogen was perceptible. They consisted 
chiefly of carbonate of lime, with a little iron and phosphate 
of lime, and contained likewise some potash.** 

These experiments show us, that gum tragacanth contains 
more azote and lime, and perhaps more rigtaaten and less car- 
bon, than gum arabic. 

Dr. Bostock by digesting tragacanth in water till it bebatte 
gelatinous, and then triturating it with pure water in a mortar, 


* Lewis, Neumann’s Chem, p. 282. + Lewis, ibid. 

t Hatchett, Phil. Trans. 1805. ‘ 

§ Hatchett, Third Series of Experiments on Artificial Tannin, Phil. 
Trans. 1806. 

{| Cruickshanks, Rollo on’Diabetes, p.452. . ** Ann, de Chim. liv. 512. 
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formed a homogeneous mucilage, consisting of 100 parts of 
water and one part of tragacanth. Subacetate of lead formed 
a copious precipitate with this mucilage. Acetate of lead pro- 
duced a light precipitate, which increased by standing, though 
on mucilage of gum arabic it produced no effect. ‘The per- 
muriate of tin likewise throws down a firm coagulum, though 
it does not alter mucilage of gum arabic. Persulphate of iron 
produced no effect. Nitrate of mercury threw down a slight 
precipitate of a reddish tinge. Silicated potash produced no 
effect. The permuriate of tin likewise throws down a slight 
precipitate of a reddish tinge. | 

I suppose the gum bassora of Vauquelin to be a variety of 
tragacanth. : “ent 

Cerasin constitutes a portion of the gummy. matter that 
exudes from the prunus cerasus, prunus avium; prunus domes- 
tica, xanthorea hastilis. It was on that account, I presume, 
that Dr. John distinguished it by the name of cerasin. It may 
be worth while to state here the result of my experiments on 
cherry tree'gum. 

The prunus avium, the common cherry and plum trees, and 
the almond and apricot likewise, yield a gum which exudes in 
great abundance from natural and artificial openings in the 
stem. It is of a reddish-brown colour, in large masses, at first 
much softer than gum arabic, but by keeping it becomes much 
harder than any other species of gum which I have seen, ex- 
cept tragacanth. When put into water it gradually swells, and 
is converted into a semitransparent reddish-brown jelly. A 
portion dissolves in the water, but a consfderable portion re- 
mains in the gelatinous state, and does not dissolve even though 
boiled for some hours in a very large portion of water. In 
this respect cherry-tree gum differs from every other species 
which I have tried. The portion dissolved in water possesses 


_ the common appearance of mucilage of gum arabic, excepting 


that its colour is darker, and that it is much weaker, and of 
course less adhesive and thready. The gum is not precipitated 
by alcohol, nor is any effect produced by silicated potash. 
Acetate of lead produces no immediate effect; but on standing 
the whole becomes opaque, and a precipitate at last subsides. 
Fuming liquid of libavius causes the liquid to gelatinize imme- 
diately. The acetate of lead, and the nitrate of mercury, pro- 
duce no effect. No precipitate was produced by any of the 


* Nicholson’s Jour. lviii. 30. 
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other metallic salts tried. Dr. Bostock found, that when Chap. x. 
treated with nitric acid it yielded a portion of saclactic acid. : 
The gentlemen constituting the late unfortunate expedition Congo gum 
to the Congo, while travelling along the banks of that river, 
picked up a large piece of gum, which bore a very close re- 
semblance to the cherry-tree gum of this country. Its colour 
was equally dark and its hardness as great. On examination, 
I found that it consisted entirely of cerasin darkened by a co-=' 
louring matter, which was partly soluble in water and possessed 
the characters of extractive. But the cerasin still continued 
dark coloured even after all the extractive which water was 
capable of taking up was removed. 
Some time ago, I received from Dr. Clarke of Dominica, Domintea 
specimens of gum very different in appearance from any that” 
I had previously seen. [t was in large masses like stalactites, 
four or five inches long, and above an inch thick, and com- 
posed of a number of irregularly cylindrical masses, some of 
them hollow, cemented together, or running into each other. 
I have learned nothing respecting the plant from which this 
gum exudes. It is rather brittle, light yellowish-brown, and 
translucent. J found it a compound of about 3 parts cerasin 


and 1 part gum. 


SECT. XV. 


OF INULIN. 


I Give this name to a new vegetable principle, discovered 

by Rose in the roots of the inula helenium (elecampane.) 
"When the roots of this vegetable are boiled in water, the 

decoction, after standing some hours, deposits the inulin in 
the form of a white powder like starch. Its properties are as 
follows : hd ‘ant 

1. It is insoluble in cold water. By trituration the inulin Properties, 
is uniformly diffused, and gives the liquid a milky appearance; 
but it soon falls down in the state of a white powder, leaving 
the liquid quite transparent. 
_ 9. It dissolves readily in hot water. One part of inulin in Avie of 
four parts of boiling water formed a solution which passed ”~” 
readily through the filter, though its consistence was somewhat 
mucilaginous, and it was not quite transparent. After some 
hours the greater part of the inulin precipitates from the water 

F2 
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in the form of a white powder.. An equally concentrated solu- 
tion of gum arabic is much thicker and more adhesive. 

3. When the aqueous solution of inulin is mixed with an 
equal bulk of alcohol, no change takes place for some time, 
but the inulin soon separates, and falls to the bottom in the 
state of a bulky white powder. A solution of gum arabic, 
when treated in this manner, remains milk-white for days 
without any precipitate falling. 

4. When thrown upon burning coals it melts as readily as 
sugar, and emits a thick white smoke, not unpleasantly pun- 
gent, and similar in odour to that of burning sugar. The re- 
sidue, which is but small, sinks into the coal. Starch emits a 
similar smoke, but leaves a more bulky residue. When 
heated in an iron spoon inulin melts, and emits a thick smoke, 
with the same odour; and as soon as the spoon becomes red- 
hot, burns with a vivid flame, and leaves a very small coaly 
residue. 

5. When distilled it yields a brown acid liquid, having the 
smell of the pyromucous acid, but not a trace of oil. 

6. When treated with nitric acid it yields malic and oxalic 
acids, or acetic acid if too much nitric acid be employed; but 
no saclactic acid is formed, as happens with the gums, neither 
is any of the waxy matter separated which is formed when 
starch is digested with the same acid. 

Such are the properties of inulin, as far as they have been 
investigated by Rose.* When the root of elecampane is dis- 
tilled, it yields a portion of a white solid matter, which seems 
to be intermediate between camphor and volatile oil in its 
nature.t No other vegetable substance has been observed to 
yield a similar product. How far it is connected with inulin 
remains to be determined. 

Inulin has been found, by Dr. John, in the roots of several 
other plants. Besides the inula helenium in which it had 
been already detected by Rose, he found it in the roots of the 
anthemis pyrethrum, in nutgalls, in angelica archangelica. 
He suspects its presence, likewise, in the hyacinthus nonscrip= 
ius, and in several other plants.t 


* Gehlen’s Jour. ii. 217. _ + Neumann’s Chem. p. 420. 
} John’s Tabellen der Pflanzen Analysen, p. 17. 
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SECT. XVI. 
OF STARCH. 


Ir a quantity of wheat flour be formed into a paste, and Chap. 1. 
then held under a very small stream of water, kneading con= anatysis of 
tinually till the water runs off from it colourless, the flour by Ve four. 
this process is divided into two distinct constituents. A tough 
substance of a dirty white colour, called gluten, remains in the 
hand; the water is at first milky, but soon deposits a white 
powder, which is known by the name of starch. <A sweet- 
tasted mucilaginous substance remains dissolved in the water. 

The starch obtained by this process is not altogether free Method of 
from gluten; hence its colour is not very white, and it has not oli 
that fine crystallized appearance which distinguishes the starch 
of commerce.* Manufacturers employ a more economical 
and more efficacious process. Good wheat is allowed to steep 
in cold water till it becomes soft, and yields a milky juice 
when squeezed. It is then taken out of the water; put into 
‘coarse linen sacks, which are subjected to pressure in a vat 
filled with water; a milky juice containing abundance of starch 
exudes, and mixes with the water of the vat. This process is 
repeated as long as the wheat yields any milky juice. The 
sack and its contents are then removed. ‘The starch soon 
falls to the bottom of the vat; and the water which covers it 
gradually ferments, in consequence of the substances which it 
holds in solution. Alcohol and vinegar. are formed in it, 
partly, no doubt, at the expense of the starch. The vinegar, 
thus evolved, dissolves all the impurities, and leaves nothing 
behind but starch. .It is then poured off, and the starch 
edulcorated with water. It is afterwards dried by a moderate 
heat. During the drying it usually splits into small columnar 
masses, which have a considerable degree of regularity. The 
water which has stood over the starch was analysed by Vau- 
quelin. It contains a considerable portion of alcohol and of | 
acetic acid. The acid holds in solution gluten somewhat 
altered, phosphate of lime, and ammonia,+ 


* Its colour may be much improved by digesting it in an alkaline ley of 
moderate strength. . 

+ Ann. de Chim. xxxviii. 248. See La Fabrique de l’Amidon, by Du 
Hamel de Monceau. See also Gmelin’s Handbuch der Technischen Chemie, 
ii. 737. The reader will find a description of the process followed by our 
manufacturers in making starch in Phil. Mag. xxix. 166. 
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Starch was well known to the ancients. Pliny informs us, 


“~— that the method of obtaining it was first invented by the in- 


Properties. 


Action of 
water, 


Alcohol, 


Metallie 
solutious, 


habitants of the island of Chio.* 

1. Starch has a fine white colour, and is usually concreted 
in longish masses; it has scarcely any smell, and very little 
taste. When kept dry, it continues for a long time uninjured 
though exposed to the air. 

2. Starch does not dissolve in cold water, but very soon 
falls to powder, and forms with it a kind of emulsion. It 
combines with boiling water, and forms with it a kind of jelly, 
which may be diffused through boiling water; but when the 
mixture is allowed to stand a sufficient time, the starch slowly 
precipitates to the bottom. This subsidence takes place even 
when 90 parts of water are employed to dissolve one of starch; 
but in that case, at least a month elapses before the starch 
begins to precipitate. This solution (if it be entitled to the 
name) is glutinous in proportion to the quantity of starch. If 
the quantity be considerable, linen dipped into it, and sud- 
denly dried, acquires (as is well known) a great degree of stiff 
ness. When the solution is evaporated to dryness, a brittle 
opaque substance is obtained, differing in appearance from 
common starch, but exhibiting nearly the same properties with 
reagents. Hence the apparent difference is probably owing 
to a portion of water remaining united to the boiled starch. 
When the solution of starch is left exposed to damp air, it 
soon loses its consistency, acquires an acid taste, and its sur- 
face is covered with mould. | | 

3. Starch is so far from dissolving in alcohol, even when 
assisted by heat, that it does not even fall to powder. Neither 
does starch dissolve in ether. 

4, The action of oxygen gas and of the simple combustibles 
and azote upon starch has not been examined, but it is pro- 
bable that it is not remarkable. ) 

5. The metals seem to have but little action on starch; 
neither does it combine with the metallic oxides; at least none 
of the metallic salts which I have tried, have the property of 
forming a precipitate when dropped into a solution of starch 
in-water. The following were the metallic salts which I tried, 
The decoction used was made by boiling together one part of 
starch and 90 parts of water. 


) Lib. xviii, cap. 7. 
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Nitro-muriate of gold, of platinum. 
Nitrate of silver, of mercury, of lead. 
Muriate of tin; acetate of lead. 
Sulphate, muriate, and nitrate of copper. 
Sulphate, muriate, and nitrate of iron. 
Sulphate, muriate, and nitrate of zinc. 
Ammoniated nickel and cobalt. 


Dr. Bostock found that sub-acetate of lead throws down a 
copious precipitate from the solution of starch in water. He 
obtained likewise a precipitate when permuriate of tin was 
used.* Hence it is obvious that his starch infusion must have 
contained a much greater proportion of starch than mine, 
which formed no precipitate with muriate of tin. 

6. When lime-water is mixed with the same decoction of 
starch, no change is produced, neither is any perceptible 
alteration occasioned by strontian water; but barytes water 
throws down a copious white flaky precipitate. . This precipi- 
tate is redissolved by muriatic acid; but appears again on 
standing, unless a considerable excess of acid be employed. 
Yet muriate of barytes occasions no change in the decoction 
of starch. Silicated potash occasions no precipitate in this 
decoction. 

7. When starch is triturated with the hot infusion of nut- 
a complete solution is effected. The solution is trans- 
parent, and rather lighter coloured than the infusion of nut- 
galls. When this solution cools it becomes opaque, and a 
copious curdy precipitate falls. A heat of 120° redissolves 
this precipitate, and renders the solution transparent, but the 
precipitate is again deposited when the solution cools. This 
property I consider as characteristic of starch. The infusion 
of nutgalls throws it down from every solution, but the pre- 
cipitate is redissolved by heating the liquid to 120. 

This precipitate is a compound of tannin and starch, and 
the constituents are capable of uniting in various proportions; 
but it is least soluble when deposited from the solution of 24 
h in a half-ounce measure of the infusion of 
by boiling together two parts of water and one 
In that case it is composed of about three 
two tannin. ‘The whole of it does not preci- 


galls, 


grains of stare 
nutgalls, made 
of nutgalls. 

parts starch and 


pitate ; about th remains in solution, seemingly containing 


* Nicholson’s Jour, xvill. 33. 
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Earths, 


Infusion of 
nutgalls, 


Tavnate of 
starch, 
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Action of 
potash, 


Of acids, 
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an excess of tannin. This compound of starch and tannin is 

of a light-brownish colour, semitransparent, and brittle, and 

has a good deal of resemblance to common sarcocol. Its 

taste is astringent. It feels glutinous between the teeth 

like gum. In cold water it dissolves very imperfectly, but 
very copiously and readily in hot water. Alcohol, when di- 

gested on it, acquires a brown colour, but is incapable of se- 

parating the whole of the tannin from the starch. When this 

compound is heated it froths, swells, and melts, and then 

burns with a clear flame, leaving behind it a small portion of 
white ashes. | 

8. When potash is triturated with starch, and a little water 
added, the whole assumes, on standing, the appearance of a 
semitransparent jelly. On adding water, an opal coloured 
solution is obtained, from which the starch is readily thrown 
down by an acid. When muriatic acid is employed a peculiar 
aromatic odour is exhaled. When the infusion of galls is 
dropped into the solution of starch in potash, a yellowish- 
white precipitate appears, but is immediately redissolved, and 
the liquid remains opaque, and of a dark brown colour. On 
adding muriatic acid a copious precipitate appears, similar to 
the compound of starch and tannin; but nitric acid occasions — 
no precipitate, neither does ammonia. . 

The decoction of starch is neither altered by potash, car- 
bonate of potash, nor ammonia. 

9. When starch is thrown into any of the mineral acids, at 
first no apparent change is visible: But if an attempt is made 
to reduce the larger pieces while in acids to powder, they resist 
it, and feel exceedingly tough and adhesive. Sulphuric acid 
dissolves it slowly, and at the same time a smell of sul- 


_phurous acid is emitted; and such a quantity of charcoal is 


evolved, that the vessel containing the mixture may be in- 
verted without spilling any of it. Indeed if the quantity of 
starch be sufficient, the mixture becomes perfectly solid. 
Diluted sulphuric acid does not act sensibly on starch while 
cold; but when heated it dissolves it completely, apparently 
without decomposition, as the starch may be again thrown 
down by means of alcohol. Sulphurous acid has no effect 
upon starch. 

Diluted nitric acid reduces starch to powder, and then 
slowly dissolves it without the assistance of heat. The acid 
assumes a green colour, and a smal! portion of white matter 
swims on the surface, on which the acid does not act. Alcohol 
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throws down the starch from this solution.* Concentrated chap. r 
nitric acid dissolves starch pretty rapidly, assuming a green 
colour, and emitting nitrous gas. The solution is never com- 
plete, nor do crystals of oxalic appear unless heat be applied. 
In this respect starch differs from sugar, which yields oxalic 
acid with nitric acid, even at the temperature of the atmo- 
sphere. When heat is applied to the solution of starch in. 
nitric acid, both oxalic and malic acid are formed, but the 
undissolved substance still remains. When separated by fil- 
tration, and afterwards edulcorated, this substance has the 
appearance of a thick oil, not unlike tallow; but it dissolves 
readily in alcohol. When distilled it yields acetic acid, and 
an oil having the smeil and the consistence of tallow.+ 

Strong muriatic acid dissolves starch slowly and without 
effervescence. When the starch does not exceed zzth of the 
acid, the solution is colourless and transparent; but if we 
continue to add starch, a brown colour soon appears, and the 
acid loses a portion of its liquidity. Its peculiar smell is 
destroyed, and replaced by the odour which may be perceived 
in corn mills, 

Acetic acid does not dissolve starch. I have not tried the 
action of any of the other acids, 

10. Alcohol separates starch in part from its decoction. A Of alcohol, 
solution of potash in alcohol occasions a copious white preci- 
pitate, which is redissolved on adding a sufficient quantity of 
water. A solution of sulphuret of potash in alcohol occasions 
a flaky precipitate in the decoction of starch. This precipi- 
tate has sometimes an orange colour. 

11. When’ starch is thrown upon a hot iron, it melts, of heat, 
blackens, froths, swells, and burns with a bright flame like 
sugar, emitting at the same time a great deal of smoke; but 
it does not explode, nor has it the caromel smell which distin- 
guishes burning sugar. When distilled it yields water im- 
pregnated with an acid, supposed to be the pyromucous, alittle 
empyreumatic oil, and a great deal of carbonic acid and car- 
buretted hydrogen gas. The charcoal which remains is easily _ 
dissipated when set on fire in the open air; a proof that it 
contains very little earth. When starch is torrified in a flat 


* Vauquelin has applied this property of nitric acid to detect starch in 
vegetables. He digested the substance under examination in diluted nitric 
acid for two days, and then poured into the solution alcohol. The starch 
precipitated. See Ann. de Chim. lv. 28. 

t Scheele, Crell’s Annals, ii. 14, English Trans. 
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Book IV. vessel till it assumes a grey colour it becomes partly soluble in 
water, and if the.torrefaction be continued till the starch 
becomes brown it is wholly soluble in cold water. The solu- 
tion is glutinous, and may be applied to most of the purposes 
of gum. But tannin still continues to precipitate it; a proof 
that it has not been converted into gum; but merely under- 
gone an alteration which renders it soluble.* 

Constituents 12. Three sets of experiments have been made in order to 

of tarch- determine the constituents of starch. Gay-Lussac and The- 
nard burnt a quantity of wheat starch made up into a paste 
with chlorate of potash, and ascertained the substances formed. 
According to their experiments 100 parts of wheat starch are 
composed of 

ELVONOUOM tes Cees rt OTL T 
ROANOO ae eg etl etna s a to OD 
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100°00+ 
M. Theodore de Saussure analysed wheat starch by burn- 
ing it in oxygen gas, ascertaining the proportion of oxygen 
gas consumed, and the quantity of carbonic acid gas formed. 
According to him 100 parts of starch are composed of 


PALE 10) Bin nino bib ia. aud anabiny MEAG 
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100:00t 1 
Professor Berzclius analysed a quantity of potatoe starch by — 
burning it along with chlorate of potash, and using various . 
precautions to ensure an accurate result. According to his 
experiments 100 parts of potatoe starch are composed of 


Pivrppen si, ones ceed) 7 O08 
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~ 100:000 § 


* This is farther confirmed by the recent experiments of Lassaigne. He J 
found that roasted starch when treated with nitric acid yielded oxalic acid 
without any trace of saclactic acid. See Annals of Philosophy, xvi. 87, 

+ Recherches Physico-chimiques, ii, 291. . 

t Annals of Philosophy, vi. 427. § Ibid. v. 273, 
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To be able from these experiments to determine the consti- Chap. I. 


tution of starch, itis requisite to know the equivalent number, 
denoting the weight of it which enters into combinations. 
Berzelius united it with oxide of lead by digesting an excess of 
subnitrate of lead in a boiling solution of starch in water. The 
precipitate was washed repeatedly in boiling water, in order to 
remove any excess of subnitrate of lead that might be con- 
tained init. The amylate of lead thus formed was composed of 


SPAY Ch: Seer oe ee TU ee oe 
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If this compound consisted of 1 atom of starch, united with 
] atom of oxide of lead, the weight of an atom of starch will 
be 36. But it is more probable, from the process employed to 
form it, that it is a binamylate of lead, or a compound of 2 
atoms starch and 1 atom protoxide of lead. On this suppo- 
sition an atom of starch must weigh 18. The nearest number 
to this formed of the requisite proportion of atoms to corres- 
pond with the preceding analyses is 17°75. If we consider 
this as the weight of an atom of starch its constituents will be 


10 atoms hydrogen...... = 1:25 .... 7°04 
10 atoms carbon ........ = 7°50 .... 42°25 
9 atoms oxygen........ = 9:00 .... 50°71 


oer 


17°75 100°00 


13. M. Theodore de Saussure has published an elaborate 
set of experiments on the spontaneous changes which a mix- 
ture of starch and water undergo when left to itself, either in 
vacuo or with the access of air. Nearly one fourth of the 
whole starch disappeared, and the remaining three fourths 
were converted into the following substances : 


1. Starch sugar. 

2. Gum. 

3. Amylin. 

4, Starchy lignin. 

5. Lignin mixed with charcoal. 
6. Undecomposed starch. 


__ The starch sugar amounted to nearly half the weight of the 
starch. ‘The gum ought rather to have been termed roasted 
starch, as it possessed the characters of that substance. 

The amylin (called amidine by Saussure) is a substance in- 
termediate between gum and starch, — It is obtained from the 
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Book iv, residuum of the starch after every thing soluble in cold water 
“-\—’ is removed. Boiling water dissolves the amylin, and leaves it 
in a state of purity when evaporated to dryness. It is semi- 
transparent and brittle, and very soluble in water, of the tem- 
perature of 144°. This solution assumes a blue colour, with 
iodine. It is coagulated by subtritacetate of lead, and co- 
piously precipitated by barytes water; but not by lime water 
nor infusion of nutgalls. It dissolves in the aqueous solution 
of potash, and the solution has no viscidity. From this solu- 

tion it is thrown down by acids and by alcohol. 

The substance called starchy lignin by Saussure, was ob- 
tained by digesting the insoluble residue of decomposed starch 
in ten times its weight of an alkaline ley, containing ~,th of 
potash. A brown coloured solution is obtained, from which 
dilute sulphuric acid throws down the starchy lignin, under 
the form of a light brown combustible substance, having the 
lustre of jet. It gives a blue colour to the aqueous solution of 
iodine.* mn 

Plants con- 14, Starch is contained in a great variety of vegetable sub- 

taining *- stances ; most commonly in their seeds or bulbous roots, but 
sometimes also in other parts. Mr. Parmentier, whose expe- 
riments have greatly contributed towards an accurate know- 
ledge of starch, has given us the following list of the plants 
from the roots of which it may be extracted : 


Arctium lappa. Imperatoria ostrutheum. 
Atropa belladonna. Hyoscyamus niger. 
Polygonum bistorta. Rumex obtusifoltus. 
Bryonia alba. ——— acutus. | 
Colchicum autumnale. ——— aquaticus. | 
Spirea filipendula. Arum maculatum. 

- Ranunculus bulbosus. Orchis mascula. 
Scrophularia nodosa. Iris pseudacorus. 
Sambucus ebulus. —— foetidissima. 

— nigra. Orobus tuberosus. 

Orchis morio. ~ Bunium bulbocastanum. 


It is found also in the following seeds: 


Oats. Millet. Peas. — 
Rice | Chesnut. Beans. | 
Maze. Horse-chesnut. Acorn, 


Indeed the greater number, if not the whole, of the veges | 
( 


* Phil. Trans. 1819, p. 29. 
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table seeds employed by man as an article of food, consists Chap. t. 


chiefly of starch. But that substance is always combined with 
some other which serves to disguise its properties; such as 
sugar, oil, extractive, &c. It is only by processes similar to 
those described in the beginning of this Section that it is ex- 
tracted from these substances in a state of tolerable purity. 
The following substances, which may be considered as varieties 
of starch, deserve particular attention. 


1. Potatoe Starch. 


When the potatoe is grated down toa pulp, and placed on Potatoe 


a fine searce, if water be poured on it, a great deal of starch 
passes through the meshes of the searce, and may be collected 
in proper vessels. When washed with water and dried, it as- 
sumes a fine white colour, and possesses all the essential pro- 
perties of starch. Indeed it goes much further; a smaller 
quantity being sufficient to form a thick paste with water than 
is required of wheat starch. It has a very perceptible crys- 
tallized appearance, and is much heavier apparently than com- 
mon starch. It is not likely therefore that it could be em- 
ployed with the same advantage as a hair powder. | 


2. Sago. 


This substance is extracted from the pith of several species sago. 


of palm in the Moluccas, Philippines, and other Kast Indian 
islands. The palm is cut into pieces of five or six feet in 
lenoth: the woody part is cut off one side, exposing the pith 
lying, as it were, in the hollow of a canoe. Cold water is 
poured in, and the pith well stirred; by which means the starch 
is separated from the fibrous part, and passes through with the 
water when the whole is thrown on a searce. The sago, thus 
separated, is allowed to settle; the water is poured off; and 
when it is half dry it is granulated, by being ferced through a 
kind of funnel. It is said to acquire its grey colour while 
dried in an artificial heat. This substance is employed as an 
article of food, and its nourishing properties are well: known.* 


3. Salop. 


This substance comes from Persia; but is said also to be Salop. 


manufactured in Europe. It is supposed to be the prepared 
roots of different species of orchis, as the morio, mascula, bifo- 


* Forest’s Voyage, p. 39. 
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Book tv. lid, pyramidalis, According to Moult, the bulbous roots of 


Caasaya. 


Sowans. 


these plants are deprived of their cuticle, baked in an oven for 
10 or 12 minutes, which gives them the semitransparency, and 
then fully dried in a moderate heat.* Like sago, salop is used 
only as a nourishing article of food. It is said by Dr. Per- 
cival to have the property of concealing the taste of salt water. 


4. Cassava or Tapioca. 


As it is called, is prepared from the roots of the jatropha 
manthat, an American plant. ‘They are peeled and subjected 
to pressure in a kind of bag made of rushes. The juice that 
is forced out is a deadly poison, and is employed by the In-) 
dians to poison their arrows ; but it deposits gradually a white 
starch, which when properly washed is innocent. What re- 
mains in the bag consists chiefly of the same starch. It is 
dried in smoke, and afterwards passed through a kind of sieve. » 
Of this substance the cassava bread is made. 


5. Sowans. 


This very nutritious article of food is made in this country 
from the husk of oats, by a process not unlike that by which 
common starch is made. ‘The husk of the oat (called seeds) 
is separated from oat-meal by the sieve. It still retains a con- 
siderable portion of farinaceous matter. It is mixed with 
water, and allowed to remain for some days till the water has 
become sour. The whole is then thrown upon a sieve. The 
milky water passes through ; but all the husk remains behind. 
The water thus obtained is loaded with starchy matter, which 


_soon subsides to the bottom. ‘The sour liquor is decanted off, 


and about an equal quantity of fresh water added. This mix- _ 
ture when boiled forms a very nourishing article of food; and 
the portion of the sour water which still adheres to the starch 
gives the whole a pleasant acidity. | 

It is curious enough that the starch-maker’s water, notwith- 
standing the great quantity of acid which it contains, likewise 
the still sourer water of sowans, are swallowed greedily by 
hogs. ‘They fatten upon it. 


* Phil. Trans. lix. 2. t Phil. Mag. xviii. 161. 
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Turs valuable pigment, one of the capital manufactures of 
America, is obtained from the leaves of different species of 
plants ; the indigofera argentea or wild indigo, which is said to 
yield the finest pigment, but in smallest quantity; the indigo- 
Jera disperma or Guatimala indigo ; and the indigofera tinctoria 
or French indigo, which yields the greatest quantity of indigo, 
and is therefore preferred by the planter, though its quality be 
inferior to the indigo obtained from the other species.* For manufac 
the first accurate account of the mode of preparing indigo ‘™™ 
from these plants, we are indebted to Labat.+ Since his time 
some improvements have been introduced into the manufac- 
ture; but the mode of rearing the plants still continues the 
same. In the West Indies the seeds are sown in March, in 
trenches about a foot asunder, and the plant comes into blos- 
som, and is fit for cutting down in May; but in South Ame- 
rica about six months elapse before it can be cut. In the West 
Indies four cuttings are often obtained in the same plantin the 
course of a year; but in America never more than two, and 
often only one. The produce continually diminishes after the 
first cutting; so that it is necessary to renew the plants from 
seed every year. | 
The plants are cut down with sickles, and laid in strata in 
the steeper, till it is about three parts full. This is a large cis- 
tern of mason work or wood about 16 feet square. Here they 
are pressed down with planks, and loaded to prevent them from 
‘swimming, and covered with water to the height of four or five 
inches. Here they ferment; and the utmost attention is re- 
quired to the process. If they be allowed to remain too long, 
the pigment is spoiled; and if the water be drawn off too soon, 
‘much of the indigo is lost. This fermentation, according to 
Le Blond, goes on best at the temperature of 80°. The water 
soon becomes opaque, and assumes a green colour; a smell re- 
sembling that of volatile alkali is exhaled, and bubbles of car- 
bonic acid are emitted.t When the fermentation has conti- 


* Edward’s History of the West Indies, ii. 275; and Berthollet, Elemens 
-de la Teinture, ii. 37. 

t See his account detailed by Dr. Lewis in Neumann’s Chemistry, p. 435+ 

¢ Jour. de Phys. xxxviii. 141. | 
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Book v. nued long enough, the liquor is let out into a second cistern, 
~~" placed lower than the first. This cistern is called the battery, 


and is commonly about 12 feet square and four and a half deep. 
Here it is agitated for 15 or 20 minutes by means of levers 
moved by machinery, till the flocculi, beginning to separate, 
give it a curdled appearance. A quantity of lime water is now 
poured in, and the blue flocculi are allowed to subside. The 
lime water is supposed to prevent putrefaction, which other- 
wise might endanger the pigment; and according to Le Blond, 
it absorbs carbonic acid, which existed in the liquid, and pre- 
vented the indigo from separating. ‘The water is drawn off, 
and the pigment put to be drained in small linen bags; after 
which it is put into little square boxes, and allowed to dry in 
the shade.* 

Europe was long supplied with indigo from the West Indies 
and America; but of late the manufacture has been introduced 
into Indostan, and carried on with such spirit and success as 
promises fair to secure to that country in future the supply of 
the European market.+ 

The leaves of the indigofera yield a green infusion to hot 
water, and:a green powder may be precipitated from it; but 
unless a fermentation has taken place, neither the colour nor 
properties of it have any resemblance to indigo. Le Blond 
affirms that the contact of air is necessary to the fermentation 
of indigo; but his proofs are insufficient. ‘The separation of 
carbonic acid is a sufficient proof that chemical decompositions 
are going on during the fermentation; but of what nature we 
are lgnorant. 

The indigofera is not the only genus of plants from which | 
indigo may be obtained. Dr. Roxburgh first drew the atten- 
tion of manufacturers to the neriwm tinctorum, a tree very 
common in Indostan, from the leaves of which it may be ex- 
tracted in abundance. His process is shorter. The leaves are 
kept in a.copper full of water, supported at the temperature of 
160°, till they assume a yellowish hue, and the liquid acquires 
a deep green colour. ‘The liquid is then drawn off, agitated 
in the usual manner, and the indigo thrown down by lime- 
water. { 

Indigo may be obtained also from the isatis tinctoria, or | 


* Edward’s History of the West Indies, ii. 278. 
+ See Tennant’s Indian Recreations, ii. 142. 
t Baneroft on Permanent Colours, p. 423. 
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woad ; a plant commonly enough cultivated in Britain, and Chap. t. 


even found wild in England.* When arrived at maturity, 
this plant is cut down, washed, dried hastily in the sun, ground 
in a mill, placed in heaps, and allowed to ferment for a fort- 
night. It is then well mixed, and made up into balls, which 
are piled upon each other, and exposed to the wind and sun. 
dn this state they become hot, and exhale a putrid ammoniacal 
smell. The fermentation is promoted, if necessary, by sprink- 
ling the balls with water. When it has continued for a suf 
ficient time, the woad is allowed to fall to a coarse powder; 
in which state it is sold as a dye-stuff. By treating woad 
nearly in the same manner with the indigofera, indigo has 
been obtained from it by different chemists. Justi+ was one 
of the first of these. Borth published a paper on the subject 
in 1754, { Kulencamp § in 1755, and Edel|| a third in 1756. 
And several experiments on the subject have been published 
in Germany.** | 

Chevreul obtained, by digesting woad in alcohol, and eva- 
porating the solution, whie crystalline grains, which gradually 
became blue when exposed to the atmosphere, and assumed 
the usual appearance of indigo. These white grains he con- 
siders as indigo destitute of oxygen. ‘Their crystallized state 
is remarkable.}+ - 


The method of preparing indigo, and of applying it to the History, . 


purposes of dyeing, seems to have been very early known in 
India; but in Europe, though it had been occasionally used- 
as a paint, {{ its importance as a dye-stuff was not understood 
before the middle of the 16th century. It is not even men- 
tioned in Plictho, a celebrated work on dyeing published in 
Italy in 1548. ‘The Dutch were the people who first import- 
ed it from India, and made its importance known in Europe. 
Even as late as the middle of the seventeenth century, its use 
was restricted in different countries. It was prohibited in 
England during the reign of Queen Elizabeth ; and the pro- 
hibition was not taken off till the reign of Charles II. It 
was prohibited also in Saxony. In the edict it is spoken of 


* Some think that this is the plant with which the ancient Britons stain- 
ed their bodies, to make them appear terrible to their enemies, | 

+ Schreber’s Sammlungen, i. 68. t In the Halle Newspaper. 

§ Schreber’s Sammi, viii. 448. || De Indo Germanico ex Glasto. 

** See Saltzer, Schweigger’s Jour. 111.417; Gehlen, ibid. v. 191, and vi. 1, 
and viii. 136. 

++ Jour. de Phys, Ixvi. 373. tt Plinii, Lib, xxxv. e. 6. 
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as a corrosive substance, and called food for the Devil. Col- 
bert restricted the French dyers to a certain quantity of it.* 
Soon after its importance began to be generally undersood, it 


was cultivated in Mexico and the West Indies with such suc- 


cess that the indigo from these countries was preferred to 
every other; but within these few years the East Indian in- 
digo, owing entirely to the enlightened exertions of some of 
our own countrymen, has recovered its character, and is now 
imported in considerable quantities to Britain. We, 

Indigo is a fine light friable substance of a deep blue colour. 
Its texture is very compact, and the shade of its surface varies 
according to the manner in which it has been prepared. ‘The 
principal tints are copper, violet, and blue; the lightest 
indigo is the best: but it is always more or less mixed with 
foreign substances, partly owing, doubtless to the carelessness 
of the preparation, and partly to the bodies which the plant 
containing indigo yields to water. From the analysis of 
Bergman, to whom we are indebted for one of the most com-: 
plete treatises on the properties of indigo which has yet ap- 
peared, the purest indigo which he could procure was com- 
posed of the following constituents : 


. 


47 pure indigo 
12 gum 

6 resin 

22 earth 

13 oxide of iron 


100¢ 


The earth consisted of 
10°2 barytes 
10°0 lime 
1°8_ silica 
22-0 t 
But in all probability the earth differs in different speci- 
mens; for Proust found magnesia in considerable quantity in 
the specimens which he examined.§ The 47 parts of blue 
pigment are alone entitled to the name of indigo; and to 
them therefore we shall confine our attention in this section. 


* See Bancroft on Permanent Colours, and Berthollet on Dyeing. 
+ Bergman, v. 36. t Ibid. v, 33. 
§ Nicholson’s Journal, iii, 325. 
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Chevreul has lately published the result of his experi- chap, 1, 
ments on Guatimala indigo, which shows that the indigo of 
commerce is a still more complex substance than Bergman 
found it. ‘ 

Hot water digested on indigo became yellow. This liquid Constituents 
being distilled gave out ammonia, and let fall a greenish mat- ae 
ter which became blue upon exposure to the air, and pos- 
sessed the properties of indigo. After this matter has sepa- 
rated, flocks precipitated of a green colour, to which Chevreul 
has given the name of green matter. It is scarcely soluble in 
water, but dissolves in alkaline leys and becomes reddish. 
When the alkali is saturated by an acid the colour becomes 
green, and when the liquid is concentrated the green matter 
precipitates in flocks. - Alcohol dissolves it and becomes 
reddish; but when spread. thin upon any substance it still 
looks green. Alcohol being poured into the water from 
which the green matter had precipitated, a substance fell of a 
brownish-yellow colour and a bitter and astringent taste, and 
which burnt on coals, emitting the odour of empyreumatic 
vinegar. 3 

The indigo thus treated was digested in alcohol. ‘The al- 
cohol dissolved; 1. green matter; 2. red matter; 3. indigo. 
The red matter agrees with the green in all its properties except 
colour. The colour does net change by solution in alkaline 
leys and alcohol. 

The indigo in the third place was treated with muriatic acid 
which dissolved, 1. tron; 2. carbonate of lime; 3. red matter. 

The following table exhibits the substances taken from 
Guatimala indigo by these processes, and of consequence its 
composition : 

(ammonia De 
ig ae aaa ns disoxygenized indigo... . 12 
‘) green matter 
| bitter matter 


green matter. cua Og han! OO . 
Alcohol .,..< red matter 


indigo 
hd te e TOCMUNAILCY «Ue auicc ie eee's 6 
Manatic arid; Labatt? of lime...... 2 
oxide of iron and alumina 2 
BUNICHU ONS GA) wie eb coe « elehe 3 
pure indigo .....+..2645 


Total . «c's LOO. 
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All indigos do not yield the same substances nor the same 
proportions. In some the green matter has a brown colour.* 

Indigo is a soft powder, of a deep-blue inclining to purple, 
without either taste or smell. It undergoes no change though 
kept exposed to the air. Water does not dissolve any 
part of it, nor produce any change upon it. Bergman how- 
ever found, that indigo, when kept long under water, under- 
went a kind of putrefaction, or at Jeast exhaled a fetid odour.+ 
When heat is applied to indigo it emits a bluish-red smoke, 
and at last burns away with a very faint white flame, leaving 
behind it the earthy parts in the state of ashes.{ The purple 
smoke, as Chevreul ascertained, crystallizes in needles, and 
is indigo unaltered. Hence the easiest method of obtaining 
pure indigo is to sublime it in a platinum crucible. 

Neither oxygen nor the simple combustibles have any effect 
upon indigo, except it be in a state of solution; and the same 
remark applies to the metallic bodies. 

The fixed alkaline solutions have no action on indigo, ex- 
cept it be newly precipitated from a state of solution. In that 
case they dissolve it with facility. The solution has at first a 
green colour, which gradually disappears, and the natural 
colour of the indigo cannot be again restored. Hence we 
see, that the alkalies when concentrated decompose indigo. § 
Pure liquid ammonia acts in the same way. © Even carbonate 
of ammonia dissolves precipitated indigo, and destroys its 
colour ; but the fixed alkaline carbonates have no such effect.|| 

Lime-water has scarcely any effect upon indigo in its usual 
state; but it readily dissolves precipitated indigo. The solu- | 
tion is at first green, but becomes gradually yellow. When 
the solution is exposed to the air, a slight green colour re- 
turns, as happens to the solution of indigo in ammonia; but 
it soon disappears.** The effect of the other alkaline ee 
upon indigo has not hitherto been tried; but it cannot be 
doubted that they would act nearly as lime-water, but with 
more energy. The other earths seem to have but little action 
on indigo in any state. 

The action of the acids upon indigo has been examined 
with most attention, and it certainly exhibits the most im- 
portant phenomena. 


* Chevreul, Jour. de Phys. Ixv. 309. 
+ Opusc. v. 29. t Ibid. p. 34, § Ibid. 24. 
| Ibid. a* Thid. 25. 
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When diluted sulphuric acid is digested over indigo, it Chap. 1. 
produces jno effect except that of dissolving the impurities; gupMnc 
but concentrated sulphuric acid dissolves it readily. One part 34 
of indigo, when mixed with eight parts of sulphuric acid, 
evolves heat, and is dissolved in about 24 hours. The solu- 
tion of indigo is well known in this country by the name of 
liquid blue. Bancroft calls it sulphate of indigo. While con- 
centrated, it is opaque and black; but when diluted, it as- 
sumes a fine deep-blue colour, and its intensity is such, that 
a single drop of the concentrated sulphate is sufficient to give 
a pine colour to. many pounds of water.* Bergman ascer- 
tained the effect of different reagents on this solution with pee 
great precision. His experiments threw light, not only on Phat 
the properties of indigo, but upon the phenomena that take 
place when it is used as a dyersiat The following is the sum 
of these experiments : 

1. Dropped into diluted water. No change. 

2. Dropped into sulphurous acid. Colour at first blue, 
then green, and very speedily destroyed. 

3. In weak nitric acid it experiences no change. 

4. In muriatic acid. No change. 

5. In weak tartaric acid. Becomes gradually green, and 
in 144 hours had assumed a very pale yellow colour. Colour 
not restored by alkalies. | 

- 6. In vinegar. Becomes green, and in four weeks the co- 
lour sineaineanedt 

7. In weak potash.. Becomes green and then colourless. 

8. In weak carbonate of potash. ‘The same changes, but 
more slowly. If the solution be very weak, the colour of the 
indigo is not destroyed. 

9. Soda. The same as potash. 

10. In ammonia and its carbonate. Colour becomes green, 
and then disappears. 

11. In a weak solution of sulphate of soda. Colour after 
some weeks becomes green. 

12. In nitre, common salt, and sal ammoniac. No change. 

13. In tartrate of potash. Became green and then colour- 
less. 

14. In a solution of sugar. Became greén and at last 
yellowish. 

15. In alum. No change. 

16. In sulphate of copper. No change. 


* Bergman, v- 7. 
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17. In sulphate of iron. Colour became green, and in 
three weeks disappeared. : 7 

18. In the sulphurets. Colour destroyed in a few hours. 

19. Realgar, white oxide of arsenic, and orpiment, pro - 
duced no change. 

20. Black oxide of manganese destroyed the colour com- 


pletely. 

21. In the infusion of madder. Colour became green, and 
at last yellow. 

22. In the infusion of woad. ‘The same changes, but more 
speedily.* 


From these experiments, it is obvious that all those sub- 
stances which have a very strong affinity for oxygen give a 
green colour to indigo, and at last destroy it. Hence it is 
extremely probable, that indigo becomes green by giving out 
oxygen. Of course it owes its blue colour to that principle. 
This theory was first suggested by Mr. Haussman, and still 
farther confirmed by Berthollet.t Now it is only when green 
that it is in a state capable of being held in solution by lime, 
alkalies, &c. in which state it is applied as a dye to cloth. 
The cloth, when dipped into the vat containing it thus dis- 
solved, combines with it, and the blue colour is restored by 
exposure to the atmosphere. It may be restored equally by 
plunging the cloth into chlorine dissolved in water. Hence 


the restoration 1s probably owing to oxygen. Hence then’ 


the reason that sulphurous acid, the vegetable acids, sulphate 


‘of iron, give sulphate of indigo a green colour. 


From these experiments, we see also that the colour of in- 
digo is destroyed by the addition of those substances which 
part with oxygen very readily, as the black oxide of manga- 
nese. In that case the indigo is destroyed, for its colour can- 
not be again restored. When the sulphate of indigo is poured 
into boiling water, it affords a green coloured solution; but 
with cold water a deep blue solution. What is called smoking 
sulphuric acid dissolves indigo. much more readily than the 
pure acid, and evolves much more heat during the solution. 
Bucholz has shown, that by boiling sulphur in pure sulphuric 
acid, it acquires the property of dissolving indigo as Tenney as 
the smoking acid. | 


* Bergman, v. 8. 
+ See Jour. de Phys. 1788; Berthollet’s Notes on Poerner sur |’Art de 
la poate p. 173; and Berthollet on Dyeing. 
+ Gehleu’s Journal, ii, 4 
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Nitric acid attacks indigo with great violence; the evolu- chap. 1. 
tion of abundance of heat and nitrous gas. When of the — ~~~ 
specific gravity 1°52, it even sets fire to indigo. This fact was nitie acia. 
discovered by Mr. Woulfe. He communicated it to Rouelle, 
who exhibited it in his lectures. Sage first published an ac- 
count of it.* When the acid is diluted, the action is still 
violent, unless the proportion of water be considerable. Mr. 
Hatchett poured upon 100 grains of indigo an ounce of 
nitric acid diluted with an equal quantity of water. The aciion 
was so rapid, that he found it necessary to add another ounce 
of water. When the effervescence had nearly subsided, the 
liquid was placed on a sand bath for some days, and evapo- 
rated to dryness. Water poured upon the residuum dissolved Fors 
a considerable portion of it, and formed a beautiful deep- ‘""” 
yellow solution of an intense bitter taste. This solution con- 
tains only a very small portion of oxalic acid; but with a 
solution of isinglass it forms a copious yellow insoluble preci- 
pitate, and of course contains a portion of artificial tannin. 

_ With ammonia, crystals precipitate, consisting of better prin- 
ciple combined with ammonia.t 

When four parts of nitric acid are boiled upon one part of Biter 
indigo, the pigment soon loses its colour, and is dissolved.” 
The solution becomes yellow, and a thin layer of a resinous 
matter appears on the surface. If the process be now stopped, 
the resinous matter becomes firm by cooling. If this matter 
be removed, and the solution evaporated to the consistence of 
honey, redissolved in hot water, and filtered, potash throws 
down yellow spicular crystals, consisting of bitter principle 
combined with potash. ‘These crystals have the curious pro- 
perty of detonating with a purple light when wrapped up in 
paper and struck with a hammer; the resin, by treating it . 
with fresh nitric acid, may be converted into the same bitter 
principle. If the process be stopped sooner than the point 4 Ane sniole 
mentioned above, yellow crystals are obtained, which are more 
soluble in water, and which sublime in white needles, having 
all the properties of benzoic acid. ‘These curious tacts were 
ascertained by Fourcroy and Vauquelin.{ 


* Proust, Nicholson’s Journal, ii. 528. 
+ Hatchett’s Additional Experiments on Artificial Tannin, Phil. Trans. 
poo8 
¢ Phil. Mag, xxii. 256. 
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Thus it appears, that by treating indigo with nitric acid, it 
is converted into tannin, oxalic acid, benzoic acid, and bitter 
principle. 

Muriatic acid does not act upon indigo in its common state, 
but it readily dissolves indigo precipitated from the sulphate, 
and forms a blue coloured solution. ‘The same phenomena 
are exhibited by the phosphoric, acetic, tartaric acids, and 
prebably by all except the acid supporters,* 


Chlorine destroys the colour of indigo as readily as nitric — 


acid, and obviously for the same reason.*+- 

Alcohol dissolves a small proportion of indigo, but it gra- 
dually precipitates again unless red matter be present, in which 
case the solution is permanent. 

Indigo is not acted upon by ether or oils, at least if the ex- 
periments of Bergman be accurate. § 

When indigo is mixed up with bran, woad, and other simi- 


lar substances which readily undergo fermentation, it assumes 


a green colour during the fermentation, and is then easily dis- 
solved by lime or potash. It is by this process that it is usually 
rendered proper for dyeing. 

When indigo is distilled, it yields products different from 
any other yaaetable substance, if the accuracy of Bergman 
is to be pilstedi He distilled 576 grains in a small retort 
connected with a pneumatic apparatus. He obtained the 
following products : 

19 grains carbonic acid gas. 


173 — of a yellow acid liquid containing ammonia. 
53 - oil. 

331 charcoal, 

576 || 


He observed no other gas but carbonic acid. The experi- 
ment ought to be ranbatede if it prove true, no other vege- 
table toetanae agrees with it in this respect except gallic 
acid. The oil was black, and had the smell of tobacco. It 
dissolved readily in alcohol. ‘he quantity of charcoal appears 
enormous; but Bergman’s experiment was made with com- 
mon indigo: therefore 158 grains of earth and iron are to be 


* Bergman, v. 22. > bid. 
+ Chevreul, Jour. de Phys. Ixv. 309. § Opusce, v. 35. 
| Bergman, v. 35. 6 
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subtracted from the sum. This decomposition indicates the chap. 
presence of oxygen, carbon, hydrogen, and azote in indigo. 

_ The proportion of the two first constituents is uncommonly 
great. 

Chevreul subjected common indigo to distillation. The. 
products obtained were, 1. ammoniacal water. 9. Sulphur, 

' probably combined with oily hydrogen. 3, A thick brown oil 
containing carbonate and acetate of ammonia. 4. Prussiate 
and hydroguretted sulphuret of ammonia. 5. A purple sub- . 
stance crystallized in silky threads on the dome of the retort. 
It was pure indigo. 6. A bulky charcoal yielding prussic acid 
when coloured with potash. 7. Gases not examined. 

To ascertain the constituents of indigo I had recourse to Composition 
the indigo vat of the calico-printer, in which the indigo is de- ot, 
prived of its blue colour by means of sulphate of iron, and is 
held in solution by means of lime-water. The colour of the 
liquid in this‘vat is yellow, but it becomes immediately blue, 
and the indigo precipitates when the liquid is exposed to the 
air. After digesting the indigo, thus regenerated in muriatic 
acid and drying it sufficiently, I considered it as pure, and‘ 
exposed it to a red heat, mixed with a sufficient quantity of 
peroxide of copper. One grain of indigo yielded 

Cubic Inches, 


Carbonic acid gas........ 3°23 
PN ZOURG OAS iis ete aie h OS 


Now 0°46 x 7 = 3°22. Hence we see that indigo contains - 
7 atoms of carbon to atom of azote. The weight of the 
carbon and azote in these gases is, 


CarbOl, Waris cat clei 'ees che DIOR 
EE ZOUEK, gia sole ates oc) bo Oe ee OL ee 


Toss. 8 eB IS, Oa Be 


1:000 


This loss must be oxygen. It is equivalent to 6 atoms. Thus 
the constituents of indigo are as follows: 


7 atoms carbon ...... = 5°25 
6 atoms oxygen ...... = 6°00 
1 atom azote ......0. = 1°75 


erent oe 


13:00 
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So that an atom of indigo weighs 13. It is possible that the 


““.— azote which I detected may have been owing to the presence 


Extraction. 


Properties. 


of some impurity in the indigo; but I have never succeeded 
in obtaining any indigo which did not yield azote. 

By exposing the yellow solution of indigo to a given bulk 
of oxygen gas till the indigo was precipitated blue, and 
noting the bulk of gas absorbed, and the weight of indigo 
present, I ascertained that indigo becomes soluble in alkalies, 
and loses its blue colour when deprived of a single atom of 
oxygen. Hence the soluble basis of indigo is composed of 


“7 atOMs CarDON,,. +. 4s, == O25 
5 atoms oxygen ...... = 5°00 
TAVONY AZOLE s 0.5 sponte cse el “vO 

12°00 * 


Such are the properties of indigo, as far as they have been 
ascertained. ‘l’o descant on its importance is quite unnecessary. 
It is perhaps the most valuable, and certainly the most per- 
manent, of all the dye-stuffs, 


SECT. XVITI. 
OF GLUTEN. 


Ir wheat flour be kneaded into a paste with a little water, 
it forms a tenacious, elastic, soft, ductile mass. This is to be 
washed cautiously, by kneading it under a small jet of water 
till the water no longer carries off any thing, but runs off 
colourless; what remains behind is called sien It was 
discovered in 1742 by Beccaria, an Italian philosopher, to 
whom we are indebted for the first analysis of wheat flour.t 

1. Gluten, when thus obtained, is of a grey colour, exceed- 


ingly tenacious, ductile, and elastic, and may be extended to | : 
twenty times its original length. When very thin, itis of a — 
whitish colour, and has a good deal of resemblance to animal 


tendon or membrane. In this state it adheres very tenaci- 


ously to other bodies, and has been often used to cement together j 


broken pieces of porcelain. Its smell is peculiar. It has 
scarcely any taste, and does not lose its tenacity in the mouth. 
In the air, it assumes a brown colour, and becomes as it were 
covered with a coat of oil. 


* Annals of Philosophy, xv. 466. - + Collect. Academ., xiv. 1. 
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When exposed to the air, it gradually dries; and when com- 
pletely dry, it is pretty hard, brittle, slightly transparent, of a 
dark brown colour, and has some resemblance to glue. It 
breaks like a piece of glass, and the edges of the fracture re- 
_ semble in smoothness those of broken glass; that is to say, it 
. breaks with a vitreous fracture. 

Fresh gluten imbibes water, and retains a certain quantity 
of it with great obstinacy. To this water it owes its elasticity 
and tenacity. When boiled in water it loses both these pro- 
perties. 

2. M. Taddey, an Italian chemist, has lately ascertained 
that fresh gluten of wheat may be decomposed into two prin- 
ciples, which he has distinguished by the names of gliadin 
(from yAie, gluten,) and ximome (from éuuy, ferment). They 
are obtained in a separate state by kneading the fresh gluten 
in successive portions of alcohol, as long as that liquid con- 
tinues to become milky when diluted with water. The alcohol 
solutions being set aside gradually deposite a white matter, 
consisting of small filaments of gluten, and become perfectly 
transparent. Being now left to slow evaporation, the ghadin 
remains behind of the consistence of honey, and mixed with a 
little yellow resinous matter, from which it may be freed by 
digestion in sulphuric ether, in which gliadin is not sensibly 
soluble. The portion of gluten not dissolved by the alcohol 
is the xzmome. 

Gliadin when dry has a straw yellow colour, is slightly 
transparent, in thin plates, brittle, with a slight honeycomb 
smell, and when slightly heated gives out an odour similar to 
that of boiled apples. In the mouth it becomes adhesive, 
and has a sweetish and balsamic taste. It is pretty soluble in 
boiling alcohol, but the solution loses its transparency in pro- 
portion as it cools, and when cold it retains only a small 
quantity in solution. It forms a kind of varnish on those 
bodies to which it is applied. It softens, but does not dissolve 
in distilled water. At a boiling heat it is converted into 
froth, and the liquid remains slightly milky. It is specifically 
heavier than water. i 


9] 
Chap. 1 


la ny, 


Soluble in 
Water, 


Gliadia. 


The alcoholic solution of gliadin becomes milky when | 


mixed with water, and is precipitated in white flocks by the 
alkaline carbonates. It is scarcely affected by the mineral 
and vegetable acids. Dry gliadin dissolves in caustic alkalies 
and in acids. It swells upon red hot coals, and then contracts 


in the manner’of animal substances. It burns with a pretty. 


tv 
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Book tv. lively flame, and leaves behind it a light spongy charcoal dif- 
—~\— ficult to incinerate. It is very sensibly affected by the infusion 


Zimome. 


‘ 


of nutgalls. It is capable of undergoing a slow fermentation, 
and produces fermentation in saccharine solutions. 

The gluten thus treated with alcohol is reduced to about 
the third. of its former bulk. This diminution is owing not 
merely to the separation of the gliadin, but likewise of the 
water which it formerly contained. ‘The zimome thus ob- 
tained is in small globules, or constitutes a shapeless mass 
which is hard, tough, destitute of cohesion, and of an ash- 
white colour. When washed in water it recovers part of its ~ 
viscosity, and becomés speedily brown when left in contact of — 
the air. It is specifically heavier than water. Its mode of 
fermenting is no longer that of gluten; for when it putrefies 
it peal a fetid urinous odour. It dissolves completely in 
vinegar, and in the mineral acids at a boiling temperature. 
With caustic potash, it combines and forms a kind of soap. 
When put into lime water or into the solutions of the alka- 
line carbonates, it becomes harder and assumes a new appear- 
ance without dissolving. When thrown upon red hot coals, 
it exhales an odour similar to that of burning hair or hoofs, — 
and burns with flame. It produces various kinds of fermen- 
tation, according to the nature of the substance with which — 
it comes in contact.* 

3. When fresh gluten is macerated for a considerable time 4 
in cold water the liquid becomes opaque, and contains small 
films suspended, which do not soon subside. By repeated fil- | 
trations it becomes transparent; but it holds in solution a q 
little gluten, which renders it frothy, and gives it the property — ‘I 
of precipitating when mixed with chlorine or the infusion of 
nutgalls. Thus gluten is to a certain extent soluble in cold) 
water. When the water is heated, the gluten separates in the — 
state of yellow flakes.+ ; 

When kept moist, it very soon begins to decompose, and — 
to undergo a species of fermentation. It swells, and emits | 
air-bubbles, which Proust has ascertained to consist of hy- 
drogen and carbonic acid gases.t It emits also a very offen- a 
sive odour, similar to what is emitted by putrefying animal — 
bodies. Cadet kept gluten in a vessel for a week in a damp — 
room. Its surface became covered with byssi, the fermenta-_ 


Cn ee Se aN eet ae an ak ac 


* Annals of Philosophy, xv. 390. ; 
+ Fourcroy and Vauquelin, Annales de Mus. d’Hist. at No. xxxvii, p. 3. 
} Jour. de Phys. lvi. 108. 
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tion just mentioned had commenced, and. the odour was dis-. Chap. 1. 
tinctly acid. In 24 days, on removing the upper crust, the 
gluten was found conyerted into a lange of paste, of a greyish 
mhite colour, not unlike bird-lime. In that state he gave it 
the name of fermented gluten.* If the gluten be still “left tO Fermented 
itself, it gradually acquires the smell Bid the eactevar enseaay 
This curious fact was first ascertained by Rouelle junior. In 
that state it is full of holes, and contains the very same juices 
which distinguish some kinds of cheese. Proust ascertained 
that it contains ammonia and vinegar; bodies which Vauque- 
lin detected in cheese: and ammonia robs both equally of 
their smell and flavour.+ 
Fourcroy and Vauquelin have examined the changes ehh 

gluten sustains when left for some months to Bathory under 
water. When left in that liquor, at the temperature of 54°, 
it swells, becomes sour and fetid, and rises to the surface, 
giving out carbonicacid. ‘The water acquires the property of 
giving out a red colour to paper stained with litmus. ‘The 
fixed alkalies disengage ammonia, and chlorine and infusion 
of nutgalls throw down a precipitate, indicating the presence 
of gluten in solution. When sugar is dissolved in this water, 
the liquid assumes the properties of vinegar, without fermen- 
tation or contact of the atmosphere. If the gluten be put 
again into water at the same temperature, the fermentation 
goes on, carbonic acid is disengaged, and the liquid slightly 
reddens litmus paper. The reagents indicate the presence of 
gluten and ammonia. The gluten, which forms a pellicle on 
the surface of the liquid, becomes first purple-coloured, and 
then blackish-grey, and exhales the fetid odour of putrefying 
mucous membranes. ‘The water is now blackish; it gives a 
brown colour to nitrate of silver, blackens nitrate of mercury, 
becomes milky, and loses its smell when mixed with chlorine, 
and is not precipitated by infusion of nutgalls. After three 
months putrefaction, the gluten was greatly diminished; it 
had a brown colour, and exhaled only a weak smell. When 
dried it formed lumps, which emitted the odour of the earth 
from a burial ground. They softened under the fingers, and 
burned like fat. In alcohol it partly dissolved, leaving be~ 
hind it a substance which resembled woody fibre in its pro- 
-perties.[ Thus by putrefaction gluten is converted into car- 


* Ann. de Chim. xli. $15. + Proust, Jour. de Phys. lyi. 100. 
j Ann. de Mus. ne Nat. No. xxxvii. 4. 


& 


94 


INGREDIENTS OF PLANTS. 


Book tv. bonte acid, ammonia, a fatty matter, and a substance analogous 


mn Caeetl 


Action of 
aleohol. 


Acids. 


to woody fibre. 

4. Fresh gluten does not sensibly dissolve in alcohol, which 
even throws it down from water; yet in certain cases this li- 
quid forms a solution of gluten in very small proportion. I 
poured two ounces of alcohol, of the specific gravity 0°837, 
upon 100 grains of pearl barley ground to a coarse powder, 
and allowed it to stand untouched for two years. On evapo- 
rating the liquid, it left behind it a yellow matter, which 
partly resembled an oil. Alcohol digested upon this sub- 
stance took up the yellow matter and left gluten, easily recog- 
nizable by its properties. On trying the same experiment 
with wheat flour, no gluten was taken up, but only a yellow 
matter, which possessed the properties of bitter principle. 

When the fermented gluten of Cadet is triturated with a 
little alcohol into a mucilage, and then mixed with a sufficient 
quantity of that liquid, a portion of it is dissolved. ‘This so- 
lution constitutes an excellent varnish, possessed of consider- 
able elasticity. It may be spread over paper or wood; and 
when dry resists other bodies, as well as most varnishes. In 
this state, too, it may be employed to cement china; and tri- 
turated with paints, especially vegetable colours, it forms a 
very good ground. When this solution is mixed with a suf 
fecat quantity of lime, it forms a very good lute; and bits of 
linen dipped in it adhere very strongly to other bodies.* 

5. Ether does not sensibly dissolve gluten. 

6. Acids act upon gluten differently according to the pecu- 
liar properties of each. 

Concentrated acetic acid dissolves it readily in considerable 
quantity, and without altering its nature. The solution is 
muddy, but permanent; and the gluten may be thrown down 


by means of alkalies. This acid dissolves the fermented gluten. | 
of Cadet; and the solution may be substituted for the solution | 


in alcohol as a varnish; but it does not answer to mix it with 
colours.t 

Concentrated sulphuric acid renders it violet-coloured, and 
at last black; inflammable air escapes, and charcoal, water, 
and a portion of ammonia, are formed.t When nitric acid is 
poured on it, and heat applied, ees is a quantity of azotic 
gas emitted, as Berthollet discovered; and by continuing the 


* Cadet, Ann. de Chim. xli. 316. ¢ Ibid. 
+ Fourcroy, vii. 304. 
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heat, some little oxalic acid is formed,* and likewise malic chap. 1. 
acid, while a number of yellow-coloured oily flakes make their 
appearance in the solution. 

Muriatic acid dissolves gluten with facility when its action 
is assisted by heat. When gluten is placed in chlorine it 
softens, and seems to dissolve, but soon coagulates again in 
yellow-coloured flakes, which become transparent and greenish- 
coloured by drying. When heated, they exhale chlorine, and 
assume the appearance of common gluten.+ Chlorine has the 
property of precipitating gluten from water in the state of yel- 
lowish-white flakes. 

7. Alkalies dissolve gluten when they are assisted by heat.t Akaties. 
The solution is never perfectly transparent. Acids precipi- 
tate the gluten from alkalies, but it is destitute of its elasticity.§ 
Alkalies, when much concentrated, form with it a kind of 
soap, converting it into oil and ammonia; which last is dissi- 
pated during the trituration. 

8. Gluten is precipitated from water, and from some of its Nutgatts. 
other solutions, by the infusion of nutgalls. The colour of the 
precipitate is usually yellowish-brown, and it does not dissolve 
though the solution be heated. 

9. The action of the metallic oxides and their salts upon 
gluten has not been tried. : 

It has a strong affinity for the colouring matter of vege- 
tables, and sins for resinous bodies. 

10. When moist gluten is suddenly dried, it swells amaz- Heat, 
ingly. Dry phitel® when exposed to heat, cracks, swells, 
melts, blackens, exhales a fetid odour, and burns precisely like 
feathers or horn. When distilled, there come over water im- 
pregnated with ammonia and an empyreumatic oil; the char- 
coal which remains is with difficulty reduced to ashes. 

11. The properties of this substance clearly point out a re- 

semblance between it and animal matter; and the phenomena 

of its fermentation and destructive distillation show us that 
oxygen, hydrogen, carbon, and azote, are constituents of it. 
Proust first observed that the vapour which it emits, while 
fermenting, blackens silver and lead, and of course contains 
sulphur. 

12. Like all other vegetable principles, gluten is susceptible 


* Vauquelin, Ann. de Chim. vi. 278. 

+ Fourcroy and Vauquelin, Ann. de Mus. d’Hist. Nat. No. xxxvii. 3. 

¢ By digesting starch in weak alkaline leys, it may be completely freed 
from gluten. 

§ Fourcroy. 
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of various shades of properties, which constitute so many 
species. In wheat flour it occurs in the greatest abundance, 
and from it we can extract it with the greatest ease: but the 
sagacity and industry of Rouelle and Proust have detected its 
presence in many other vegetable substances. Rouelle found ~ 
it in the leaves of all the vegetable substances which he exa- 
mined. The exactness of this opinion was called in question 
by Fourcroy, who treated the experiments of Rouelle with 


~ contempt; but it has been examined, and confirmed by very 


Green fecue 
la contains 
gluten. 


- chiefly of three principles: 1. A green matter to which it | 


decisive experiments of Proust. 

When the juice of cabbage leaves, cresses, scurvy-grass, 
and other similar plants, is extracted by pressure and passed 
through a cloth, it still continues far from transparent. ~ Its 
muddiness is owing to a fine soft silky-green powder suspended 
in it, which subsides to the bottom so slowly as to take at 
least a week before it is deposited. ‘This' green powder has 
been distinguished by the name of the green fecula of plants. 
Rouelle first examined it with attention, and ascertained its 
properties; and the subject has been carried still farther by | 
Proust. The slowness with which it subsides shows that its’ _ 
specific gravity does not differ much from that of water. When 
once it has fallen, it is insoluble. ‘This substance consists 


owes its colour, separated by digestion in alcohol, and which 
possesses the properties of a resin. 2. A substance which con- — 
sists chiefly of woody fibres, and which is left behind when the 
fecula is digested in potash. 8. A species of gluten, which © 
constitutes the greatest part of it, and to which it owes its 
characteristic properties. 

When the juice of the plants is exposed to a heat of about 
130°, the green fecula undergoes a kind of coagulation, con-') 
creting into large flakes, which subside very quickly. At g 
this temperature albumen is not altered by heat. ‘This is the 
method commonly taken to clarify these juices. We see \ 
from it, that the fecula was united to the water by a very ( 
small force, which the addition of heat weakened sufficiently 7 
to enable the gluten to cohere. ‘This coagulation by heat 7 
takes place how diluted soever the juices are with water; | 
which is by no means the case with albumen. It is thrown | 
down also by the addition of a little alcohol, by all acids, by | 
ammonia, by sulphuretted hydrogen gas, or by throwing into | 
the liquid crystals of carbonate of potash, magnesia, common 
salt, muriate of potash, nitre, sal ammoniac, &c. 

When separated from water it soon dries, and becomes 
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elastic, and somewhat of the appearance of horn: and in that Chap. 1: 


state is scarcely softened by hot water. When treated like 
gluten, it gradually acquires the cheesy taste and smell. 
When kept under water it very soon begins to putrify, and 
exhales a gas which blackens silver and solutions of lead. 
This speedy putrifaction in stagnant water takes place when 
flax ‘and hemp are steeped. These substances contain green 
fecula in their rind, and the putrifaction occasions the sepa- 
ration of the whole, which could not otherwise be accom- 
plished. The water which has been allowed to remain for a 
whole year over green fecula contains sulphuretted hydrogen, 
carbonate of ammonia, and gluten seemingly held in solution 
by the ammonia. The stench of putrifaction still continues 
even after the water has been boiled.* 


13. The number of plants containing gluten is very consi- Piants cene 


derable. Proust found it in acorns, chesnuts, horse-chesnuts, 
rice, barley, rye, peas, and beans; and in apples and quinces. 
He found it also in the leaves of cabbage, sedums, cress, hem~ 
lock, borage, saffron, &c.; in the berries of the elder, the 
grape, &c.; in the petals of the rose, &c.} It occurs also in 
several roots: Proust could find none in the potatoe. 

14. Gluten must be considered as one of the most useful of 
the vegetable principles. It constitutes an essential ingredient 
in wheat, and is the substance which renders flour of wheat 
so fit for forming bread. It seems also to constitute the es- 
sential part of yeast. Its uses as a varnish, a ground for paint, 
&c., pointed out by Cadet, likewise deserve attention. 

Albumen and gluten have been shown by Link to resemble 
each other so closely that they cannot be considered as dis- 
tinct principles. 


SECT. XIX. 
OF POLLENIN. 


Tuis is a name given by Dr. John to a-peculiar substance 
found in the pollen of the pinus abies, pinus sylvestris, lycopo- 
dium clavatum, and supposed by him to constitute the charac- 
teristic constituent of every species of pollen. It seems to 
have been first recognised in 1806, by Bucholz, in the pollen 


* Proust, Jour. de Phys. lvi. 97. tT Ibid. 
} Annals of Philosophy, vii. 455. 
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of the lycopodium. * From the experiments of Fourcroy and 
Vauquelin, it appears.also to constitute a. portion of the. pol- | 
len of the phoenix dactilifera. John’s analysis of the pinus 
sylvestris, in which he gives the characters of pollenin, as they | 
had been previously given by Bucholz, may be found in the 
fourth volume of, his Chena Researches. 

Pollenin has a yellow colour, and is destitute of taste and 
smell. Jt is not altered by exposure to the air. 

It is insoluble in water, alcohol, ether, fat and volatile oils, 
and likewise in petroleum. 

According to John it dissolves in. alkaline leys, and the 
solution has a brown colour. But in the trials of Bucholz 
this solution did not take place. | 

When exposed to the heat of a candle it burns with rapi- | 
dity and flame, as is the case with the pollen of the lycopo-— 
dium clavatum. 

When exposed to the air it speedily assumes the smell and. 
taste of cheese, and soon runs into the putrifactive fermen-— 
tation, containing a considerable quantity of ammonia. 
When distilled it yields a good deal of ammonia. 

The remaining properties of this substance have not been 
investigated. It is obvious, however, from the preceding facts 
that pollenin approaches very nearly to gluten, 


SECT. XX. 


OF FIBRIN. 


Tuar peculiar substance which constitutes the fibrous part. ' 
of the muscles of animals has been called fibrin by chemists. | 
A substance resembling it, as it exists in the blood has been ~ 
detected by Vauquelin in the juice of the papaw tree. Fibrin | 
then must be ranked among vegetable substances. | 

The papaw tree, the carica papaya of botanists, grows in| 
Peru, &c.; and in the Isle of France, where the milky juice | 
that exudes from it is said to be employed with efficacy against ” 
the Guinea-worm. ‘Pwo specimens of this juice were brought | 
from that island to Paris by Charpentier de Cossigny. In the” 
one, the juice had been evaporated.to dryness, and was in the 
state of an extract; in the other, the juice was preserved by) 
being mixed with an equal bulk of rum. Both were subjected! 


* Gehlen’s Jour. vi. 599. 
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toa chemical analysis by Vauquelin. ‘The first was of a yel- 
lowish-white colour, and semitransparent. Its taste was 
sweetish. It had no smell, and was pretty solid; but attracted. 


moisture when kept in a damp place. The second was red- 


dish-brown, and had the smell and taste of boiled beef. When 
the first specimen was macerated in cold water, the greatest 
part of it dissolved. ‘The solution frothed with soap. The 
addition of nitric acid coagulated it, and rendered it white ; 
and when boiled, it threw down abundance of white flakes.* 

When the juice of the papaw is treated with water, the 
greatest part dissolves; bat there remains a substance inso- 
luble, which has a greasy appearance. It softens in the air, 
and becomes viscid, brown, and semitransparent. When 
thrown on burning coals it melted, let drops of grease exude, 
emitted the noise of meat roasting, and produced a smoke 
which had the odour of fat volatilized. It left behind it no 
residue. ‘This substance was the fibrin. ‘The resemblance 
between the juice of the papaw and animal matter is so close, 
that one would be tempted to suspect some imposition, were 
not the evidence that it is really the juice of a tree quite un- 
exceptionable.+ 

The properties of fibrin are the following: 

1. It is tasteless, fibrous, elastic, and resembles gluten. 

2. It is insoluble in water and in alcohol. 

3. It isnot dissolved by diluted alkalies. 

4. But acids dissolve it without difficulty. 

5. With nitric acid it gives out much azotic gas. 

6. When distilled it yields much carbonate of ammonia 
and oil. 

7. It soon putrifies when kept moist, becomes green; but 
does not acquire any resemblance to cheese. 

A fuller description of this substance must be reserved for 
the next book, as it belongs rather to the animal than vege- 


table kingdom. 


SECT. XXI. 


OF OILS. 


THERE are two species of oils; namely, fixed and volatile ; 
- both of which are found abundantly in plants. 
1. Fixed oil is only found in the seeds of plants, and is 


* Ann. de Chim. xlii. 267. : + Ibid. 
H 2 
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Book IV. almost entirely confined to those which have two cotyledons; 
—v~ as linseed, almonds, beech-nut, poppy seed, rape seed, &c. 


List of fixed 
Oils. 


Sometimes, though rarely, it is found in the pulp which sur- 
rounds the stone of certain fruits. This is the case with the 
olive, which yields the most abundant and most valuable species 
of fixed oil. The bicotyledinous seeds, besides oil, contain 
also a mucilaginous substance; and they have all the character 
of forming, when bruised in water, a milky liquid, known by 
the name of emulsion. 

The following is a list of the plants yielding the fixed oils 
which usually occur in commerce.* 


1. Linum usitatissimum et perenne .. Linseed oil. 


et Ee ae a yes ae. Nut oil. 

3. Juglans regia 

4, Papaver somniferum ............ Poppy oil. 

5. Cannabis’sativay oi .ae ee cs oe sid Elemp‘on, 

6. Sesamum orientale ........ wee. Oil of Sesamum. 
TOO ley toneat eee em ates es . Olive oil. 

8. Amygdalus communis .......... Almond oil. 


9. Guilandina Mohringa .......... Oil of behen. 
10. Curcubita pepo et melapepo ,..... Cucumber oil. 
11. Fagus sylvatica 4) 3) ae et Beech ok 
12. Sinapis nigra et arvensis ........ Oil of mustard. 
13. Helianthus annuus et perennis .... Oil of sunflower. 


14. Brassica napus et campestris ...... Rape seed oil. 
15. Ricinus communis ........ -petinesa ly QURSLOLLON, 

16. Nicotiana tabacum et rustica...... Tobacco seed oil. 
17. Prunus domestica ......... ..»+.- Plum kernel oil. 
18.) Vitis vinifera, (cir ageekl. ss «iis! (Grape: peed oils 
19. Theobroma. cacao; {chs sues ...0 93 Butter of cacao. 


20) Laurus nobilisinis. Wwe hee ck. )ddetoreluon 


21. Arachis hypogee ................ Ground nut oil.+ 


2. Volatile oils are found in every part of plants except the — 
cotyledons of the seeds, where they never occur. The root, _ 


the stem, the leaves, the flower, the rind or pulp of the fruit 
of a variety of plants, are loaded with volatile oils, from 
which they are extracted by expression or by distillation. 
The number of these oils is so great that it baffles all descrip- 
tion, Almost every plant which is distinguished by a peculiar 


* See Gren’s Handbuch, ii. 166. 
t Nicholson’s Jour. vi. 224, 
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odour contains a volatile oil, to which it is indebted for that chap. t 
odour. 

The following table contains a pretty copious list of plants 
which yield volatile oils. The part of the plant from which it 
is extracted, and the English name of the oil, are added in 
separate columns.* 


Plants. Parts; Oil of Colour, _ List of volae 
tile oils. 


1. Artemisia absynthium  j|Leaves | Wormwood |Green 
y 


2. Acorus calamus Root Sweet flag Yellow 

3. Myrtus Pimenta Fruit |Jamaica pep.§/ Yellow 

4. Anethum graveolens Seeds | Dill Yellow 

§. Angelica archangelica |Root Angelica 

6. Pimpinella anisum Seeds | Anise White 

7. Illictum anisatum Seeds  |Stellat. anise |Brown 

8. Artemisia vulgaris Leaves |Mugwort 

‘ : Rand of 03 a Pees 
9, Citrus aurantium , ..| e Bergeamotte| Yellow 
5 he fruit ‘ 

10. Meloleuca leucodendra |Leaves |Cajeputt Green 
11. Eugenia caryophyllata |Capsules|Cloves§ Yellow 
12. Carum carvi Seeds |Caraways Yellow 
13. Amomum cardamomum Seeds’ |Card. seeds |Yellow 
14. Carlina acaulis Roots White 
15. Scandix chaerefolium |Leaves |Chervil Sulph. yel. 


16. Matricaria chamomilla |Petals |Chamomile |Blue 
17. Laurus cinnamomum [Bark  |Cinnamon § | Yellow 
} Rind 4 ‘ Lemons | Yellow 
the fruit 

19. Cochlearia officinalis Leaves |Scurvy grass | Yellow 
20. Copaifera officinalis | |Extract |Copaiba White 


18. Citrus medica 


21. Coriandrum sativum Seeds |Coriand. seed White 
22. Crocus sativus Pistils |Saffron § Yellow 
23. Piper cubeba Seeds |Cubeb pep. |Yellow 
24. Laurus culilaban Bark |Culilaban | Brownyel. 
925. Cuminum cyminum Seeds |Cummin Yellow 
26. Inula helenium Roots |EKlecampane | White 
27. Anethum feeniculum ‘Seeds | Iennel White 
28. Croton eleutheria Bark |Cascarilla {Yellow 
29. Maranta galanga Roots |Galanga Yellow 
30. Hyssopus officinalis Leaves |Hyssop Yellow 
31. Juniperus communis Seeds |Juniper Green 
32. Lavendula spica Flowers|Lavender | Yellow 


* See Gren’s Handbuch, 11. 204. 
§ The oils marked § sink in water. 
+ I find the specific gravity of this oil 09066. 
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33. Laurus nobilis Berries |Laurel Brownish 
34. Prunus laurocerasus Leaves |Lauroceras.§ 
35. Levisticum ligusticum Loots Lovage Yellow 
36. Myristica moschata Seeds * |Mace Yellow 
37. Origanum majorana Leaves |Majorum Yellow 
38. Pistacia lentiscus Resin |Mastich Yellow 
39. Matricaria parthenium |Plant |Motherwort |Blue 
40. Melissa officinalis Leaves |Balm White 
41. Mentha crispa Leaves White 
42 piperitis Leaves |Peppermint |Yellow 
43. Achillea millefolium — |Flowers|Millefoil, 5 eb 
fo) 
44 Citrus aurantium Petals |Neroli Orange 
45. Origanum creticum Flowers |Spanish'hop |Brown 
46. Apium petroselinum Roots. |Parsley Yellow 
47. Pinussylvestrisetabies ; x oo ‘ ‘Tarpentine|Colourless 
, resin. 
48. Piper nigrum _ {Seeds |Pepper Yellow 
49. Rosmarinus officinalis |Plant |Rosemary — /Colourless 
50. Mentha pulegium Fiowers |Pennyroyal |Yellow 
51. Genista canariensis Root — |Rhodium Yellow © 
52. Rosa centifolia Petals |Roses Colourless 
53. Ruta graveolens Leaves |Rue Yellow 
54: Juniperus sabina Leaves |Savine Yellow 
55. Salvia officinalis Leaves |Sage Green 
56. Santalum album Wood |Santalum§ |Yellow 
' 57. Laurus sassafras Root Sassafras Yellow 
58. Satureia hortensis Leaves |Saturela Yellow 
f Leaves ) 
59. Thymus serpillum and Thyme {Yellow 
l flower J 
6C. Valeriana officinalis Root | Valerian Green 
61. Kempferia rotunda Root |Zedoary stl: 
62. Amomum Zinziber Root |Ginger Yellow 
63. wget Gait wes picgat Sira Feet 
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Several of the gum resins, as myrrh and gatbanum, yield 
likewise. an essential oil, and likewise the balsams, as ben- 
zom, &e. ? 


° 


§ The oils marked § sink in water. 
* They yield also a fixed oil. 
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SECT, XXII. 
OF WAX. 


Tue upper surface of the leaves of many trees is covered Chay. 1. 
with a varnish, which may be separated and obtained in a 
state of purity by the following process: 

Digest the bruised leaves, fae ; in water and then in alcohol, How ob- 
till every part of them which is soluble in these liquids be ex- ee wa: 
tracted. Then mix the residuum with six times its weight.of 
a solution of pure ammonia, and, after sufficient maceration, 
decant off the solution, filter it, and drop into it, while it is 
incessantly stirred, diluted sulphuric acid, till more be added 
than is sufficient to saturate the alkali. ‘The varnish precipi- 
tates in the form of a yellow powder., It should be carefully 
washed with water, and then melted over a gentle fire.* 

Mr. Tinery first discovered that this varnish possessed all 
the properties of bees-wax.} Wax, then, is a vegetable product. 
Several plants contain wax in such abundance as to make it 
worth while to extract if from them. But let us, in the first 
place, consider the properties of beeswax, the most common 
and important species. This substance, as Huber has demon- 
strated, contrary to the generally received opinion, is prepared 
by the bees from honey or sugar, the latter yielding the great- 
est proportion of it. 

1, Wax, when pure, is of a whitish colour; it is destitute properties 
of taste, and has scarcely any smell. Bees wax indeed has a % °°" 
pretty strong aromatic smell; but this seems chiefly owing to 
some substance with which it is mixed; for it disappears 
almost completely by exposing the wax, drawn out into thin 
ribands, for some time to the atmosphere. By this process, 
which is called bleaching, the yellow colour of the wax disap- 
pears, and it becomes very white. Bleached wax is not 
affected by the air. § i 

2. The specific gravity of unbleached wax. varies from 
0°9600|| to 0:9650;** that of white wax from 0°8203 to 
0°9662.** 3 


* Hermbstadt, Med. and Phys, Jour. iii. 372. 

+ Enc. Meth. Forets et Bois, i. 100. 

t Nicholson’s Jour. ix. 182. 

§ Sennebier, Ann. de Chim. xii. 60. and Jour. de Phys, xxxviii. 56. 
|| Bostock, Nicholson’s Jour. iv. 130. 

** Fabroni, Crell’s Annals, 1797, 11. 125. 
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3. Wax is insoluble in water ; nor are its properties altered 
though kept under that liquid. 

4 When heat is applied to wax it becomes soft; and at the 
temperature of 142°, if unbleached, or of 155° if bleached,* 
it melts into a colourless transparent fluid, which concretes 
again, and resumes its former appearance as the temperature 
diminishes. If the heat be still farther increased, the wax 
boils and evaporates; and if a red heat be applied to the va- 
pour, it takes fire and burns with a bright flame. It is this pro- 
perty which renders wax so useful for making candles. 

5. Wax is scarcely acted on by alcohol when cold, but 
boiling alcohol dissolves it. ‘This was known to Neumann,f 
and has been lately verified by Dr. Bostock.t Rather more 
than 20 parts of alcohol. are necessary to dissolve 1 part of 
wax; and as the solution cools, the greater part of the wax 
precipitates, and the remainder is thrown down by water.§ 

6. Ether has but little action on wax while cold; but when 
assisted by heat, it takes up about =1,th of its weight of it, and 
lets the greatest part precipitate on cooling.|| 

Dr. John ascertained that when bees wax, or the wax of 
the myrica cordifolia is digested in a sufficient quantity of 


‘boiling alcohol, it is divided into two distinct substances. One 
of these substances is taken up by the boiling alcohol while 
the other remains undissolved. ‘To the first of these bodies 
he has given the name of cerin, to the second that of myricin. 


Cerin he distinguishes by the following properties. It. is 
soluble in fixed and volatile oils: from the last it precipitates 
in greasy looking grains. Insoluble in water, cold alcohol, 
and ether; soluble in hot alcohol and ether, and precipitating 
again as the liquids cool. Melts between 108° and 140°. Of 
tie specific gravity 1000. Of the consistence of wax. Unites 
with caustic alkalies, and forms a soap. 

The characters of myricin are as follows. Insoluble in water, 
ether, and alcohol, both hot and cold. Soluble in fixed and 
volatile oils: «.oes not precipitate from the former of these. 
Melts between 100° and 140°.. Somewhat glutinous; but of 
the consistence of wax. Specific gravity 0:900.** 

Chevreul has given the name of cerim to a substance which 


* Bostock, Nicholson’s Jour. i. 71. 

+ Neumann’s Chemistry, p. 331. { Nicholson’s Jour. iv. 133. 

§ Nicholson’s Jour.iv. 133. || Id. ibid. 

** John’s Chemische tabellen der Pflanzenanalysen, p. 9, and Chemische 
Untersuchungen, iii. 42. 


WAX. 105 


he extracted from cork, and which possessed the following chap. L 
properties. It is white and in small needles. It does not melt “~~ 
in boiling water; but becomes soft and sinks to the bottom of 

that liquid; while wax melts at 145° and swims upon the sur- 

face of water. When heated or distilled, it undergoes nearly 

the same changes as wax. It is rather more soluble in alco- 

hol than wax. Nitric acid gradually dissolves it, and con- 

verts a portion of it into oxalic acid. It does not dissolve in 

an alcoholic solution of potash.* 

7. Wax combines readily with fixed oils when assisted by 
heat, and forms with them a substance of greater or less con- 
sistency according to the quantity of oil. This composition, 
which is known by the name of cerate, is much employed by Cerate. 

surgeons. 
~The volatile oils also dissolve it when heated. This is well 
known, at least, to be the case with oil of turpentine. A part 
of the wax precipitates usually as the solution cools, but of a 
much softer consistence than usual, and therefore containing 
oil. 

8. The fixed alkalies combine with it, and form a dbinpotia Action of 
which possesses all the properties of common soap. When ““*"* 
boiled with a solution of fixed alkalies in water, the liquid 
becomes turbid, and after some time the soap separates and 
swims on the surface. It is precipitated from the alkali by 
acids in the state of flakes, which are the wax very little altered 
in its properties.t Punic wax, which the ancients employed 
in painting in encausto, is a soap composed of 20 parts of 
wax and one of soda.t Its composition was ascertained by 
Mr. Lorgna.§ 

When boiled with liquid ammenia, it forms a kind of soapy 
emulsion. As the mixture cools, the greatest part of the 
compound rises to the surface in the state of white flakes. 
This soap is scarcely soluble in water.|| 

9. The acids have but little action on wax; even chlorine, 
which acts so violently on most bodies, produces no other 
change on it than that of rendering it white. ‘This property 
which wax possesses, of resisting the action of acids, renders it 
very useful as a lute to confine acids properly in vessels, or to 
prevent them from injuring a common cork. 


* Annals of Philosophy, ix. 53. ¢ Nicholson’s Jour. iv. 132. 
} Pliny, lib. xxi. c. 14, § Jour. de Phys. Nov. 1785. 
|| Bostock, Nicholson’s Jour. iv. 134, 
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10. Lavoisier endeavoured to ascertain the composition of 
bees wax, by burning a quantity of it in oxygen gas, and 
determining the proportions of carbonic acid, and water 
formed. But pneumatic chemistry had not at that time made 
sufficient progress to enable him to give his experiments the 


requisite degree of precision. Gay-Lussac and ‘Thenard ana-. 


lysed it by burning a determinate quantity along with chlorate 
of potash in a proper vessel, and ascertaining the quantity of 


carbonic acid formed.* According to their experiments 100, 


parts of wax are composed of 


Oxygen. oo... ees , ODS 
Hydrogen... 00... 2 0/2 
RUATUNSIL Gy uasion wkomscne 81°784 


As we are ignorant of the number which represents the 
weight of an atom of wax, we cannot from this analysis de- 
termine the number of atoms of each of these bodies that enter 


‘into-its composition. But the smallest number of atoms, 


which will nearly correspond with the proportions obtained by 
Gay Lussac and Thenard, are, 


1 Atom oxygen = J] patent mye. 1 
20 Atoms carbon = 15 ee Se A BE 
18 Atoms hydrogen = 2°25 .... 12°33 


— ee 


39 18°25 100°00 


According to this supposition wax is a compound of 39 
atoms, and the weight of an integrant particle of it is 18°25. 
From the experiments of Chevreul on soaps, there is some 
reason for believing that the weight of an atom of wax is:nearly 


double the number here asbio week or 36. If this number were - 


accurate its true constituents "wae be, 


2 atoms oxygen oath Sy 
40 atoms carbon = 30 
32 atoms hydrogen = 4 

36 


11. Wax possesses all the essential properties of fixed oil. 
We must therefore consider it as a fixed oil rendered concrete. 
Now that species of fixed oils, distinguished by the epithet fat, 


* Recherches Physico-chimiques, ii. 316. , 


WAX. 


have the property of becoming concrete, and assuming the ap- 
pearance of wax, when exposed long to the air, in consequence, 
it is supposed, of the absorption nie oxygen. Hence probably 
the difference between wax and fixed oils consists in the oxy- 
gen which it contains as the component part. ‘The wax at its 
first formation was in all probability in the state of a fixed oil; 

but by the absorption of oxygen it gradually conecreted into 
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wax Wax, then, may be considered as a fixed oil saiurated . 


with oxygen. 
1Z. It is natural to suppose, if this theory be just, that fixed 
oil will occur in plants in various states of hardness: and this 
accordingly is the case. Sometimes it is of the consistency of 
butter, and this is denominated a butter; thus we have the 
butter of cacao, the butter of coco, the butter of galam. Some- 
times itis of a greater consistency, and then is denominated 
tallow ; thus we have the tallow of the croton, extracted by 
boiling water from the fruit of the croton sebifera. When its 
‘consistency is as great as possible, it then takes the appellation 
of wax. ‘Thus we have the myrtle wax of America, extracted 
from the seeds of the myrica cerifera, and the pela of the Chi- 
nese. - The species of wax, then, which exist in the vegetable 
kingdom, may possibly be as numerous as the fixed oils. Let 
us take a view of some of the most remarkable. 
Bees wax is the species whose properties have been de- 
scribed in the former part of this section. 


Varieties of 
wax. 


1g. The myrtle wax of North America is obtained from this Myrtle wax; 


myrica cerifera. Weare indebted to Dr. Bostock * and Mr. 
Cadet + for a very exact account of its properties and extrac- 
tion. The myrica cerifera is a shrub which grows abundantly 
in Louisiana and other parts of North America... It produces 
a berry about the size of a pepper corn. A very fertile shrub 
yields nearly seven pounds. The berries are picked off, thrown 
into a kettle, and covered with water to the depth of about half 
a foot. The kettle is then boiled, and the berries stirred and 


squeezed against the sides of the vessel. ‘The wax-which they 


contain ‘is melted out and swims on the surface. It isskimmed. 
off, passed through a cloth, dried, melted again, and cast into 
cakes. From the observations of Cadet, we learn that the 
wax forms the outer covering of the berries. ‘The wax thus 
obtained is ofa pale green colcur. Its specific gravity is 1°0150. 

It melts at the temperature of 109°: when strongly heated 


* Nicholson’s Jour. iv. 130. + Ann. de Chim, xiiv. 160. 
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it burns with a white flame, produces little smoke, and 
during the combustion emits an agreeable aromatic odour. — 
Water does not act upon it. Alcohol, when hot, dissolves 
_i,th of its weight, but lets most of it fall again on cooling. 
Hot ether dissolves about 1th of its weight; and when slowly 
cooled, deposits it in crystalline plates, like spermaceti. The 
ether acquires a green colour, but the wax becomes nearly’ 
white. Oil of turpentine, when assisted by heat, dissolves it 
sparingly. Alkalies act upon it nearly as on bees wax. ‘The 
same remark applies to acids. Sulphuric acid, when assisted 


by heat, dissolves about --th of its weight, and is converted 


into a thick dark-brown mass.* Mr. Hatchett has detected a 
substance precisely similar to myrtle wax in lac.}+ It. proba- 
bly exists in many vegetables. 

The wax from the myrica cordifolia, a shrub which grows 
at the Cape of Good Hope, has been examined by Dr. John, 
and from the characters which he assigns to it, we may con- 
sider it as very nearly the same with the myrtle wax of North 


~ America.t 


Brazil wax. 


Wax from 
rose and la- 
- vender oil. 


14. Mr. Brande in 1811, published a chemical examination 


of wax from Brazil, the produce of an unknown tree in that 


country. It had a greenish colour, was insoluble in water, 
but soluble in alcohol, ether, and oils. Its specific gravity 
was 0°980. It melted at the temperature of 206°. It could 
not be made to form a soap with the fixed alkalies; but an- 
swered remarkably well for candles.§ 

15.. Dr. Macculloch found a waxy substance in the oil of 
roses and of lavender. It was precipitated from both by cold, 
and likewise by the addition of alcohol. Its colour is white; 
it has a greasy feel, swims on sulphuric ether, and crystallizes in 
shining scales. It melts at 96°. It dissolves in alcohol and 
ether, and seems to approach nearer spermaceti in its proper- > 
ties than wax.|| 

16. The Chinese extract a wax from various vegetables, 
which they manufacture into candles, and of which they form 
many of the delicate ornaments which are brought to. Eu-— 
rope:** 


* Bostock, Nicholson’s Jour. iv. 180. 

t Analytical Experiments on Lac, Phil. Trans. 1804. 

+ Chemische Untersuchungen, ili. 38. ; 

§ Nicholson’s Jour. xxxi, 14. || Phil. Mag. xxxix. 123. 

** See Phil. Trans. 1753, p. 253; in which Father d’Incarville gives 
some account of the tallow-tree, and mode of extracting the tallow or wax. 
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17. Wax has been detected by Proust in the green fecula chap. r. 
of many plants; the cabbage for instance. He thinks that it al ovat 
forms a constituent of the parler of all flowers, and that the fecula of 
bees collect it along with the gluten of the pollen, which, Chai 
according to him, serves them for food.* But there is un- 
doubted evidence that wax is actually formed by bees. The 
observations of Mr. John Hunter led him to conclude that 
it comes from under the scaly rings which cover their hinder 
parts. 

Proust has also detected wax covering the rind of resins, 
plums, oranges, and other similar fruits.t In short, it seems 
to be one of the most abundant of vegetable principles. 


SECTION XXIII. 
OF CAMPHOR. 


TuHE substance called camphor, though unknown to the nistory. 
Greeks and Romans, seems to have been long known in the 
East. When it was first brought to Kurope does not appear, 
though it seems to have been introduced by the Arabians. 
A&tius is the first person who takes notice of it. It is men- 
tioned in the writings of Paracelsus, in such a manner as to 
lead to the supposition that it was in common use in his time. 
Chemists sometimes arranged it among resins, sometimes 
among volatile oils, t till Neumann published his dissertation 
on it in 1725.8 He there examined its properties in detail, 
and demonstrated that they differed from those of every other 
substance; and concluded in consequence, that camphor must 
be considered as a peculiar vegetable principle. To Neumann, 
then, we are indebted for the first correct experiments on the 
properties of camphor. 

It comes to Europe chiefly from Japan. It is obtained from tow pro- 
the laurus camphora, a tree common in the East, by distilling 
the wood along with water in large iron pots, on which are 
fitted earthen heads stuffed with straw. ‘The camphor sub- 
limes, and concretes upon the straw in the form of a grey 
powder.|| It is afterwards refined in Europe by a second 
sublimation. ‘The vessels are of glass, and somewhat of the 


* Jour. de Phys, lvi. 87, and 111. + Ibid. 
} Hoffmann, Observ. Phys. Chym. Selec. p. 44. 
§ Phil. Trans. xxxiii, 321. || Neumann’s Chem. p. 319. 
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shape of a turnip, with a small mouth above loosely covered 
with paper. According to Ferber, about ith of pounded 
chalk is mixed with the crude camphor;* but others assure 
us that there is no addition whatever employed. According 


to Lewis, nothing more is necessary than ‘a proper regulation — 


of the fire; + and Professor Robison, who witnessed the pro- 
cess as well as Neumann, informs us, that the camphor in the 


-subliming vessel is in a liquid state, which it could scarcely be 


if quick-lime were employed, at least in any ‘considerable 
quantity. 

1. Camphor thus refined is a white brittle substance, having 
a peculiar aromatic odour, anda strong hot acrid taste. Its 
specific gravity is 0°9887.§ 

It melts at the temperature of 288, and boils, when heated 
to 400° according to my experiments. ! 

It is not altered by atmospheric air; but it is sO colnnle: 
that if it be exposed during warm weather in an open vessel, 
it evaporates completely. When sublimed in close vessels it 
crystallizes in hexagonal plates or pyramids.** 

2. It is insoluble in water; but it communicates to that li- 
quid a‘certain portion of its easton odour. }} 

3. It dissolves readily in alcohol, and is precipitated a again 
by water. . According to Neumann, well rectified alcohol es 
solves three-fourths of its weight of camphor. By distillation 
the alcohol passes over first, i leaves the camphor. This 
property affords an easy method of purifying camphor. Dis- 
solve the camphor in alcohol, distil off the spirit, and melt 


the camphor into a cake in a glass vessel.[{ If the alcoholic © 


* Gren’s Handbuch, ii. 219. + Neumann, ibid. 

+ Black’s Lectures, 11. 351. See Gay-Lussac Ann. de Chim. et de 
Phys. vii. 75. 

§ According to Brisson. Dr. Shaw states it at 0°996, (Shaw’s Boyle, 
il. 346 ;) and this has been copied into most of the recent chemical books. 
Probably it varies in its density considerably. 

|| Gay-Lussac Says, that it melts at 349°, and boils at 399° (Ann. da| 


Chim. et de Phys. vili. 78). This statement does not agree with my expe- 


rience on the subject. 
** Romieu. 


+t From the experiments of Cadet it appears, that a French pint of 


water dissolves about 16 grains of camphor, and that the camphor may be 
precipitated by pure potash. Ann. de Chim. lxii. 132. 


t} This prcecess, proposed -by Lewis (Neumann’s Chem. p. 320,) is | 


surely preferable to that of Trommsdorf, who precipitates the camphor by 
water from the alcohol, and then melts it into a cake. See Gren’s-Hand- 
buch, 11. 220. 


a 
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solution of camphor be diluted with water as much as POssi= ‘Chap, 1, 
ble, without causing the camphor to precipitate, small crystals 
of camphor resembling feathers gradually form.* 

4. Camphor is soluble also in oils, both fixed and volatile. ois. 
If the solution be made by means of heat, as it cools part of 
the camphor precipitates, and assumes the form of plumose or 
feather-like cr ystals. + 

5. Camphor is not acted on by alkalies, either pure or in Alkalies. 
the state of carbonates. Pure alkalies indeed seem to dissolve 
a little camphor; but the quantity is too small to be percep- 
tible by any other quality than its odour.t{ Neither is it 
acted on by any of the neutral salts which have hitherto been 
tried. 

6. Acids dissolve camphor without effervescence, and in Acias. 
general it may be precipitated unaltered from the recent so- 
lution. 

To Mr. Hatchett we are indebted for an accurate investiga- Sulphuric 
tion of the action of sulphuric acid on camphor. Upon a*™ 
hundred grains of powdered camphor he poured an ounce of 
sulphuric acid. ‘The camphor immediately became yellow, 
and, gradually dissolved while the acid changed, first to 
brownish-red, and afterwards to brown. In about an hour 
the liquid became blackish-brown, and began to emit abund- 
ance of sulphurous acid gas. In four hours the whole ap- 
peared like a thick black liquid, and no other smell except 
- that of sulphurous acid could be distinguished in it. As dur- 
ing two days no farther aJteration took place, the alembic 
containing the solution was.put upon a sand bath moderately 
warm, by which means an additional quantity of sulphurous 
acid gas was driven off. After two days the liquid was slowly 
mixed with six ounces of water. It became reddish-brown, a 
considerable coagulum of the same colour subsided, the sul- 
phurous acid smell became imperceptible, and was sueceeded 
by a smell similar to that of a mixture of the oils of lavender 
and peppermint. ‘lhe whole was now slowly distilled. ‘The 
water which came over had the same smell as the original li- 
quid, and there floated over it a little yellowish oil. A black- 
ish-brown mass remained behind, not acted on by water; but 
alcohol extracted a resinous substance, and acquired a blackish- 


* Romieu, Mem, Par. 1756, p. 41. + Romieu, ibid. 
{ Bouillomla Grange..Ann. de Chim. xxii. 154. 
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brown colour. What remained was charcoal. Thus, by the 
action of sulphuric acid, the camphor was decomposed and. 
converted into oil, blackish-brown resin, and charcoal The 
proportion of each was as follows: 


Veow Ollie cues 3 grains. 


Charcoal...... Kah ratios 
Resinous substance 49 


ee 


105 


Making an increase of five grains, either from water which 


was retained by the resinous-like substance, or from oxygen’ 


with which it had combined. 

This resinous-like substance, thus obtained, was in reality a 
species of artificial tannin. It was very brittle, had the 
odour of caromel, and an astringent taste. It dissolved in 
cold water, and the solution precipitated iron, lead, tin, and 
lime, dark brown. It precipitated gold in the metallic state, 
threw down isinglass in the state of a blackish insoluble sub- 
stance, and had the property of converting skin into leather. 
A small quantity of nitric acid poayeees it into the artificial 
tannin obtained from charcoal by nitric acid.* 

From the farther researches of Chevreul on this subject, it 
appears that when sulphuric acid is distilled off camphor there 
is formed, 1. A volatile oil which has the odour of camphor: 
2. A charry matter which is a combination of sulphuric acid 
and a hydroguretted charcoal. $. An astringent substance 
which is likewise a compound of sulphuric acid and a char- 
coal still more hydroguretted than the preceding. The charry 
residuum is not sensibly soluble in water. When distilled it 


gives sulphurous acid, carbonic acid, and leaves a residue | 


which is a compound of carbon and sulphur.t 

Nitric acid dissolves camphor readily, and in great abun- 
dance. ‘The solution separates into two portions; that which 
contains the camphor, and most of the acid, floats upon the 
top of the other in the form of a very pale yellow oil. This 
solution is known by the name of oil of camphor. Water and 
several metals precipitate the camphor unaltered.t Alcohol 


combines with the oil of camphor. When this solution of 


* Hatchett’s additional Experiments on artificial Tannin, Phil. Trans. 
1805. 
+ Ann. de Chim, lxxiii, 167. ~~ Neumann’s Chemistry, p. 321. 
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camphor in nitric acid is long kept, 2 a portion of the camphor chap. 1. 
separates in crystals, and swims on the surface, and a small “~~~” 
portion is converted into camphoric acid.* 

Muriatic, sulphurous, and fluoric acids, in the state of gas, other acids. 
dissolve camphor. When water is added, the camphor ap- 
pears unaltered in flakes, which swim on the surface of the 
water.t It is dissolved also by water impregnated with car- 
bonic acid gas,f by acetic acid,§ and probably by all acids. 

7. When heat is applied to camphor it is volatilized. It Action of 
catches fire very readily, and emits a great deal of flame as it "* 
burns, but it leaves no residuum. It is so inflammable that 
it continues to burn even on the surface of water. When 

camphor is set on fire in a large glass globe filled with oxygen 
gas, and containing a little water, it Bink with a very bright 
flame, and produces a great deal of heat. The inner surface 
of the glass is soon covered with a black powder which has all 
the properties of charcoal; a quantity of carbonic acid gas is 
evolved; the water in the globe acquires a strong icit: and 
is impregnated with carbonic acid and camphoric acid.|| 

If two parts of alumina and one of camphor be formed into 

a paste with water, and distilled in a glass retort, there comes 
over into the receiver (which should contain a little water, and 
communicate with a pneumatic apparatus) a volatile oil of a 
golden yellow colour, a little camphoric acid, which dissolves 
in the water, and a quantity of carbonic acid gas and carbu- 
retted hydrogen gas, which: may be collected by means of a 
pneumatic apparatus. ‘There remains in the retort a substance 
of a deep black colour, composed of alumina and charcoal. 
By this process, from 122°284 parts of camphor M. Bouillon 
la Grange, to whom we are indebted for the whole of the ana- 
lysis of camphor, obtained 45°856 parts of volatile oil and 
30°571 parts of charcoal. The proportion of the other pro- 
ducts was not ascertained.** 

From this analysis, M. Bouillon la Grange concludes that 

camphor is composed of volatile oil and aliveeaal or carbon 
combined together. We learn from his experiments, that the 


* Planche found these changes in a vial of oil of camphor, which had 
been kept unopened for 14 years. Ann. de Chim. xliil. 346. 

+ Fourcroy. ¢ Jour. de Phys. li. 67. 

§ Phil. Mag. xv. 156. Aromatic vinegar consists chiefly of this com- 
pound. 

|| Bouillon la Grange; Ann. de Chim. xxiii. 168. po (eet bid? 157. 
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Rook IV. ultimate ingredients of camphor are carbon and hydrogen, 
; and that the proportion of carbon is much greater than in oils. 
To determine its composition I passed a grain of camphor 
through a copper tube filled with red hot peroxide of copper. 
By this process, I obtained 5°837 cubic inches of carbonic acid 
gas, and 1°3 grain of water = 0°14 grain hydrogen = 6°8237 
cubic inches of hydrogen gas. Now the carbon in 5°837 cu- 
pic inches of carbonic acid gas amounts to 


Ve yO! 7 Sree 
The hydrogen to........ 0°144 
"882 
Loss of weight’ ..v.\)....-= “118 
1°000 


and this deficiency must be owing to the oxygen which the 
camphor contained. But 0°118 gr. of oxygen gas = 0°348 of 
a cubic inch. It appears from this experiment that the con- _ 
stituents of camphor, supposing them in the gaseous state 
would be as follows: 


Hydrogen ........ 6'8237 cubic inches, 
Carbon) ss 000 tse 0 D'S37 
ORV TEN sie je lenis wie oa TOTES 


Now this is equivalent very nearly to 


10 atoms hydrogen .... = 1°250 or 14°49 


82) Atoms CANON: sn wiemusa O20 Ou Ek 
Li ALM ORV OED isis sleiun =. 1000.24 11°60 
t: 8°625  100°00 


iutnaed of ORs There are several species of camphor which have been ex~ 
’ amined by chemists, and which differ considerably from each 
other in their properties. ‘The most remarkable are common 
camphor, the camphor of volatile oils, and the camphor obtained 
by treating owl of turpentine with murtatic acid. 

4. Common 9+ Common camphor, obtained by distillation from the lau- 
camphor; ys camphora, is the substance which has been described in the 
' preceding part of this Section. In Borneo and Sumatra cam- 
phor is procured from the laurus sumatrensis ; but as none of 
this camphor is brought to Europe, we do not know how far 
it agrees with common camphor in its properties. The daurus 

cinnamomum likewise yields camphor. 
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10. The second species of camphor seems to exist in a great chap; 1. 
variety of plants, and is held in solution by the volatile oils Ripon. «ee 
extracted from them. Neumann obtained it from oils of thyme, from oits; 

marjoram, cardomum;* Hermann, from oils extracted from 
various species of mint.; Cartheuser obtained it from the 
roots of the maranta galanga, kempferia rotunda, amomum 
zinztber, Laurus cassia,t and rendered it probable that it is con- 
tained in almost all the labiated plants. It has been supposed 
to exist in these plants combined with volatile oil. Proust has 
shown how it may be extracted, in considerable quantity, from 
many volatile oils. | All that is necessary, is to expose the oil 
to the open air at.a temperature between 22° and 54°; the oil 
gradually evaporates, and the camphor crystallizes. By this 
process he obtained from the oil of rosemary -/;th of its weight 
of camphor, from that of sweet marjoram -,th, from oil of 
sage 1th, and from oil of iavender more than ith, — By distill- 
ing the oil in a water-bath, some degrees under the boiling 
point, till one-third of the oil comes over, part of the camphor 
is found crystallized in the still vessel. ‘This being removed, 
and the oil again distilled as before, more camphor crystallizes. 
By three such processes the whole'of the camphor is obtained 
from the oil. The camphor is then purified by mixing it with 
a little dry lime, and subliming it. 

From the observations of Mr. John Brown, there is reason 
to believe that the camphor from oil of thyme differs from 
common camphor in several respects. It does not appear to 
form a liquid solution either with nitric or sulphuric acid; nor 
is it precipitated from nitric acid in powder like common cam- 
phor, but in a glutinous mass.| 

11. The artificial camphor yielded by oil of turpentine, % Artifictat 
when saturated with muriatic acid gas, was discovered by Mr. oa hie 
Kind, apothecary in Eutin, while employed in making a medi- 
cine called the liquor arthriticus Pottu. He put a quantity. of How pro- 
oil of turpentine into.a Woulfe’s bottle, and caused a current ““"" 
of muriatic acid gas, separated from common salt by sulphuric 
acid, to pass through it. The salt used was of the same, 
weight with the. oil of turpentine. At first the oil became 
yellow, then: brown, and at last became almost: solid, from the 


* Phil. Trans. 1725, p. 321. 

t Junker, Conspectus Chemiz, ii. 100. 

t De Genericis quibusdam Plantarum Princip. 17545; as Esai by Gren, 
Handbuch, ii. 221. 

§ Ann. de Chim. iy. 179. ) Phil. Trans, 1725,:xxxiil. 361. 
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Book iv. formation of a great number of crystals in it, which possessed 


the properties of camphor.* This curious experiment was 
repeated by Trommsdorf with a similar result. He examined 
the camphoric crystals obtained, and found them in most re- 
spects to agree with common camphor, though in some they 
differed. The society of apothecaries at Paris, on being in- 
formed of these particulars, appointed Messrs. Cluzel, Chomet, 


and Boullay, to examine the subject. The result of their la- 


bours has been given to the world by Beullay.t They ascer- 
tained the proportion of camphor yielded by oil of turpentine, 
the best dose of muriatic acid gas, examined the properties of 
the camphoric production, and endeavoured to explain the 
way in which it had been formed. ‘The experiment of Kind _ 
was repeated by Hagen in 1804;§ and more lately, a set of 
experiments on the same subject was made by'Gehlen, Schus- 
ter, and Pesth, chiefly in order to elucidate the theory of the 
process.|| Thenard has repeated them with the same object.** 

The proportion of muriatic gas found to answer best, is 
what can be separated by sulphuric acid and heat from a quan- 
tity of common salt equal in weight to the oil of turpentine 
employed. The camphor produced amounts nearly to one- 
half of the oil of turpentine. The French apothecaries put 
into a Woulfe’s bottle four pounds of the oil of turpentine,and’ 


into a tubulated retort four pounds ,of common salt, and two 
pounds of sulphuric acid, and drove off the muriatic acid gas 
by means of heat. It was totally absorbed by the oil, the bulk 


of which was augmented by 7 th, while it became at the same 
time very hot. Its colour hecnie brown ; it retained its trans- 
parency; and drops of oil gradua!ly formed at the bottom of 
it. In 24 hours it deposited regular crystals; which, being 
separated from the brown liquid with which they were mixed, 
and dried on blotting paper, weighed 24 ounces. The liquor 
being left for some days in a cellar, deposited four ounces 
more of the same crystals; and by exposure to an artificial 
cold of about 14°, two ounces more were obtained, making a 
total 30 ounces, or 1Zlb. from the four pounds of oil of tur- 
pentine. No additional crystals were obtained’ by increasing 
the quantity of gas; but the French chemists did not find that 


* Trommsdorf’s Jour. de Pharmacie, xi. 132 ; as quoted in Gehlen’s Jour. 
vi. 459. | 

+ Ibid. t Ann. de Chim. |i. 270. 

§ Gehlen’s Jour. 11. 237. {| Ibid. vi. 470. 

** Mem. d’Arcueil, ii. 29. . 
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the produce of camphor was diminished by this augmentation, Chap. 1. 
as had been concluded by Trommsdorf from his trials. 

The camphor thus procured was very white; it had a pecu- properties. 
liar odour, in which that of the oil of turpentine could be dis- 
tinguished. When washed with water, it became beautifully 
white, and gave no longer signs of containing an acid, but still 
had the smell of oil of turpentine. Water containing some 
carbonate of potash deprived it of part of this odour, but not 
the whole. When mixed with its own weight of charcoal 
powder, wood-ashes, quicklime, or porcelain clay, and sub- 
limed, it was obtained in a state of purity. 

Its smell when pure resembles that of common camphor, but 
is not so strong. Its taste also resembles that of camphor. It 
swims on water, to which it communicates its taste, and burns 
upon its surface. It dissolves completely in alcohol, and is pre~ 
cipitated by water. Nitric acid, of the specific gravity 1-261, 
had no action on it, though it readily dissolves'‘common cam- 
phor; but concentrated nitric acid dissolves it with the disen- 
gagement of nitrous gas; and water does not precipitate it 
from its solution as it does common camphor. Acetic acid 
does not dissolve it. When heated it sublimes without decom- 
position ; and when set on fire burns like camphor. 

Such are the properties of this artificial camphor, as far as 
they have been investigated. We see from them that it re- 
sembles common camphor, except as far as regards the action 
of acids. «In the experiment. of Thenard, the residual liquid Aetion of 
was not brown but colourless. He ascribes the brown colour ay Me 
of it, in preceding experiments, to the oil of turpentine used Heh 
containing some resin mixed with it, whereas his had been pu- 
rified by distilling it. According to him the oil of turpentine 
is not decomposed by this process. The residual liquid, he 
thinks, may be owing to the presence of some foreign oil in 
oil of turpentine. When this residual liquid is éxposed to the 
air for some days it loses its acid properties, though it still con- 
tains abundance of acid. But the acid is neutralized by the oil. 

_ Gehlen ascertained that neither fluoric acid gas, sulphurous 
acid gas, nor ammoniacal gas, produce any such decomposition 
in oil of turpentine. Neither is any such change produced by 
the action of chlorine gas;* but when oil of turpentine is dis- 
tilled slowly at a heat of 122°, a number of crystals of cam- 


* Boullay, Ann. de Chim. li, 283, 
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phor sublime from it.* No other oils tried yielded camphor 
when impregnated with muriatic acid gas.} 

12, Camphor i is much used in medicine. It is a powerful 
stimulant; it is considered as peculiarly efficacious in diseases 
of the urinary. organs; it is often serviceable in mania, and 
procures sleep when every other medicine fails. 


SECT. XXIV. 
OF BIRD-LIME. 


Tue vegetable principle to which I give the name of bird- 
lime, was first examined by Vauquelin, who found it possessed 
of properties different from every other. It was found collected 
on the epidermis of a plant brought to Europe by Michaud, 
and called robinia viscosa by Cels; constituting a viscid sub- 
stance, which made the fingers adhere to the young twigs.[ 
From the analysis of bird-lume by Bouillon la Grange, it is 
obvious that it owes its peculiar properties to the presence of 


an analogous substance, which indeed constitutes the essential - 


part of that composition. Hence the reason why I have 
given the name of bird-lime to the principle itself. 

1. Natural bird-lime (or that which exudes spontaneously 
from plants) possesses the following properties : 

Its colour is green; it has no sensible taste or smell; is ex- 
tremely adhesive ; softens by the heat of the fingers, and sticks 
to them with great obstinacy. When heated it melts, swells 


up, and burns with a considerable flame, leaving a bulky char- 


coal behind it. It does not dissolve in water; alcohol has but 
little action on it, especially when cold. By the assistance of 
heat it dissolves a portion of it; but on cooling, allows the 
greatest part to precipitate again. When exposed to the air 
it continues glutinous, never becoming hard and brittle like 
the resins. , 


It combines readily with oils. Ether is its true solvent, dis-» 


solving it readily without the assistance of heat. The solution 
is of a deep green colour. The alkalies do not combine with 
it; the effect of the acids was not tried.|| ‘These properties 


* Boullay, Ann. de Chim. li. 283. t Ibid. 
t Ann, de Chim. xxviii. 223. § Nicholson’s Jour. xiii. 144. 
|| Vauquelin, Ann. de Chim, xxviii. 254. 
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-are sufficient to distinguish bird-lime from every other vege= chap. % 
table principle. 

It is not unlikely that the viscid substance which covers the 
stem of the lychnis viscaria, saxifraga tridactylites, and a few 
other plants common in this country, consists of this vegetable 
principle. It has not hitherto, as far as I know, been examined 
by any chemist. 

2. Artificial bird-lime is prepared from different substances 2. Artifciat 
in different countries. The berries of the misletoe are said to ™*"™ 
have been formerly employed. ‘They were pounded, boiled 
in water, and the hot water poured off. At present bird-lime 
is usually prepared from the middle bark of the holly. The 
process followed in England, as described by Geoffroy, is as 
follows: the bark is boiled in water seven or eight hours till 
it becomes soft. It is then laid in quantities in the earth, 
covered with stones, and left to ferment or rot for a fortnight 
or three weeks. By this fermentation, it changes to a muci- 
laginous consistency. It is then taken from the pits, pounded 
in mortars to a paste, and well washed with river water. 
Bouillon la Grange informs us, that at Nogent le Rotrou bird- 
lime is made by cutting the middle bark of the holly into small 
pieces, fermenting them in a cool place for a fortnight, and 
then boiling them in water, which is afterwards evaporated. 

At Commerci various other plants are used.* » 

Bouillon la Grange made bird-lime for the purpose of ana- 
lysis by the following process. He bruised a sufficient quan- 
tity of the middle bark of the holly, boiled it in water for four 
or five hours, and then deposited it in pits placed in earthen 
pans, where it continued, being moistened occasionally with 
water till it became viscous. Lastly, it was freed from all 
heterogeneous substances by washing it with pure water. 

Thus prepared, it resembled the baditmne of Commerci very 
exactly.+ 

Its colour is greenish, its flavour sour, and its consistence Properties. 
gluey, stringy, and tenacious. Its smell is similar to that,of 
linseed oil. When spread on a glass plate and exposed to the 
air and light it dries, becomes brown, loses its viscidity, and 
may be reduced to powder; but when water is added to it, the 
glutinous property returns. It reddens vegetable -blues. 

When gently heated it melts and swells, and emits an odour 


* Nicholson’s Jour. xiii. 145. 
+ Bouillon la Grange,.Nichclson’s Jour, xii. 145. 
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Box tv, like that of animal oils. When heated on red-hot coals, it 
“—’” burns with a lively flame, and gives out a great deal of smoke, 
leaving a white ash composed of carbonate of lime, alumina, 
iron, sulphate, and muriate of potash. } 

Water has little action on bird-lime. When boiled in 
water the bird-lime becomes more liquid, but recovers its ori- 
ginal properties when the water cools. The water, by this 
treatment, acquires the property of reddening vegetable blues, 
and when evaporated leaves a mucilaginous substance, which 
may be likewise separated by alcohol. 

A concentrated solution of potash forms with bird-lime a 

whitish magma, which becomes brown by evaporation, while 
ammonia separates. The compound thus formed is less viscid 
than bird-lime, and in smell and taste resembles soap. In 
alcohol and water it dissolves almost completely, and possesses 
properties similar to those of soap. 
_ Weak acids soften bird-lime and partly dissolve it; strong 
acids act with more violence. Sulphuric acid renders it black ; 
and when lime is added to the solution, acetic acid and am- 
“monia separate. Nitric acid cold has little effect; but when 
assisted by heat it dissolves the bird-lime; and the solution, 
when evaporated, leaves behind it a hard brittle mass. By 
treating this mass with nitric acid, a new solution may be ob- 
tained, which by evaporation yields malic and oxalic acids, 
and a yellow matter which possessed several of the properties 
of wax. Cold muriatic acid does not act on bird-lime; hot 
muriatic acid renders it black. 

Bird-lime, when treated with chlorine, becomes white, and 
is divided into hard compact masses, having unaltered bird- 
lime in their centre. ‘This white substance may be pulverised ; 
it is insoluble in water, does not melt when heated; and when 
treated with nitric acid, it neither becomes yellow, nor does it 
yield resin. , ( 

Acetic acid softens bird-lime, and dissolves a certain portion 
of it. The liquid acquires a yellow colour. Its taste is insipid. 
When carbonate of potash is dropped into this solution, no 
precipitate falls. By evaporation it yields a resinous-like sub- 
stance. 

Some of the metallic oxides are reduced when heated with 
bird-lime. Litharge combines with it, and forms a kind of 
plaster. ; 

Alcohol of the specific gravity 0°817 dissolves bird-lime at 
a boiling heat. On cooling it lets fall a yellow matter similar 
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to wax. The filtered liquid is bitter, nauseous, and acid. chap. 1. 


Water precipitates a substance similar to resin. 

Sulphuric ether dissolves bird-lime readily, and in great 
abundance. The solution is greenish. When mixed with 
water, an oily substance separates, which has some resemblance 
to linseed oil. When evaporated a greasy substance is ob- 
tained, having a yellow colour andthe softness of wax. Oil 
of turpentine dissolves bird-lime readily. 

Such are the properties of artificial bird-lime, as far as they 
have been investigated by Bouillon la Grange.* It is obvious 
that it contained acetic acid, mucilage, and several alkaline 
and earthy bodies, which must be considered as foreign sub- 
stances. When these are removed, the close analogy between 
artificial and natural bird-lime is sufficiently obvious. 


SECT. XXV. 


OF OLIVILE. 


This is a name which M. Pelletier has given to a peculiar 
substance, which constitutes one of the ingredients of a gummy- 
looking substance, which exudes from the olive tree. It is 
easily obtained by dissolving the gummy substance in rectified 
alcohol and setting the alcohol aside for spontaneous evapora- 
tion. It gradually deposites crystals in flattened needles of a 

yellowish white colour, These crystals are the o/ivi/e in a state 
of purity. 


It has the form of a white, brilliant starchy powder, or of Properties. 


flattened needles. It has no smell; but its taste is quite pecu- 
liar, being at the same time bitter and sweet, and having some- 
thing aromatic. It melts when heated to the temperature of 
158°, and when cooled has the appearance of a transparent 
resin of a slightly yellowish colour. In this state it becomes 
electric by friction; but does not appear to have undergone 
any chemical change. When thrown upon a red-hot coal it 
_takes fire with difficulty, and burns with the emission of much 
smoke. When distilled it furnishes water, acetic acid, and 
oil; but no ammonia. 

It is scarcely soluble in cold water. Thirty-two parts of 
boiling water dissolve one part of it. The solution is trans- 


* Nicholson’s Jour, xiii. 146. 
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separation of the olivile, which remains long suspended in the 
liquid. The alkalies facilitate the solution of olivile in water 
without altering its nature when they are not concentrated. 
Alcohol.is the best solvent of olivile. When hot it appears 
to dissolve it in any quantity whatever. Sulphuric ether has 
no action on it; neither have the fixed or the volatile oils, 


But these last bodies, when hot, dissolve a small portion of it~ 


which they allow to precipitate as they cool. 

Nitric acid dissolves it without the assistance of heat, ac- 
quiring a deep red colour. When heat is applied the action 
increases very much; the red colour disappears and the liquid 
becomes yellow on codling. Much oxalic acid is deposited 
and some yellow bitter matter is formed. Diluted sulphuric 
acid has no action on olivile; but concentrated sulphuric 
acid immediately chars it. Concentrated acetic acid dissolves 
it very readily, either cold or hot. The solution is colourless, 
and no precipitate falls when it is mixed with water; unless 
the olivile has been mixed with resin, in which case the resin 
is precipitated in the state of a yellowish: powder. 

The acetates of lead are the only salts which act upon solu- 
tions of olivile; they precipitate its aqueous solution in very 
white flocks, ig are soluble in acetic acid.* 


SECT. XXVI. 


OF RESINS. 


It is at present the opinion of chemists, that resins stand in 
the same relation to the volatile oils that wax does to the fixed. 
Wax is considersd as a fixed oil saturated with oxygen; resins, 
as volatile oils saturated with the same principle. 

The resins are very numerous and on account of the various 
purposes to which they are applied, and the peculiarity of their 
properties, constitute one of the most important genera of 
vegetable substances. Till lately they have been very much 
overlooked by chemists, who satisfied themselves with picking 
up doubtful information from artists-and manufacturers. 
Many erroneous opinions concerning them have of course been 
admitted into every system of chemistry. The subject has 


engaged the attention of Mr. Hatchett, whose happy talent for 


* Annals of Philosophy, xii. 33. 
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observation peculiarly fitted him for the task. To that gen- Chap. L 
tleman I am indebted for some of the most important facts in 
this section. 

Resins often exude spontaneously from trees ; they often flow -Orsin. 
Bom artificial wounds, and not uncommonly are combined at 
first with volatile oil, from which they are separated by distil- 
lation. ‘The reader can be at no loss to form a notion of what 
is meant by resin, when he is informed that common rosin fur- 
nishes a very perfect example of a resin, and that it is from 
this substance that the whole genus derived their name: for 
rosin is frequently denominated resin. . 

I. Resins may be distinguished by the following properties ; Properties 

They are solid substances, naturally brittle; have a cer- 

tain degree of transparency, and a colour most commonly in- 
clining to yellow. ‘Their taste is more or less acrid, and not 
unlike that of volatile oils; but they have no smell unless they 
happen to contain some foreign body. ‘They are all heavier 
than water. They are all non-conductors of electricity ; and 
when excited by friction, their electricity is negative. 

2. Their specific gravity varies considerably. ‘The follow- defi 
ing table exhibits a view of the specific gravity of such of the” ~" 
resins as have been hydrostatically examined.* 


Plein, Sa staaie tee /DOLSZ 
Anime ......+2..++ 10284 
Highgate resin .... 1:046 + 
Gopal cuss hieaes cs) O69 F 
Tacamahac ....... 1°0463 
PGI es ven: he OSD EE 
Mastich jaial- sie/<idnies) LIOVA? 
Sandarichy so). s sie HOGOF 
FAG. vs rptoye ne, Sains) ici OL BOO 
Labdanumi..../..5)., 1°1862:, 


. When exposed to heat they melt; and if the heat be in- Action of 
heat. 
essed they take fire, and burn with a strong yellow flame, 
emitting at the same time a vast quantity of smoke. . 
4. They are all insoluble in water whether cold or hot; but Water. 


* The specific gravities in the text were ascertained by Brisson and by 
myself. The older writers differ so much from each other, that there is 
reason to suspect that the substances tried were not always those to which 
we at present give the same names. 

+ By my trials. 7 
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Book Iv. when they are melted along with water, or mixed with volatile 


Alcohol and 


ether. 


Oils. 


Alkalies. 


Acids, 


oil, and then distilled with water, they seem to unite with a 
portion of that liquid; for they become opaque, and lose much 


of their brittleness. - This at least is the case with common 


rosin. 

5. They are all, with a few exceptions, soluble in alcohol, 
especially when assisted by heat. ‘The solution is usually trans= 
parent; and when the alcohol is evaporated, the resin is ob- 
tained unaltered in its properties. Alcohol, according to. 
Tingry, never takes up more than one-third of its weight of 
resin. When the solution is mixed with water, it becomes 
milky, and the resin falls in the state of a white powder. They 
are soluble also in sulphuric ether. 

6. Several of them are soluble in fixed oils, especially 1 in the 
drying oils. The greater number are soluble in the volatile 
oils; at least in oil of turpentine, the one commonly employed. 

7. Mr. Hatchett first examined the action of fixed alkalies 
on resins, and ascertained, contrary to the received opinion of 
chemists, that alkaline leys dissolve them with facility. He 
reduced a quantity of common rosin to powder, and gradually 
adding it to a boiling lixivium of carbonate of potash, a perfect 
aaa was obtained of a clear yellow colour, which continued 
permanent after long exposure to the air. The experiment 
succeeded equally with carbonate of soda, and with solutions 
of pure potash or soda. Every other resin tried was dissolved 
as well as rosin. Nothing can afford a more striking proof 
than this, of the necessity of repeating the experiments of our 
predecessors before we put implicit confidence in their asser- 
tions. Mr. Hatchett’s discovery must lead to very important 
consequences. ‘The well-known fact, that the soap-makers in! 
this country constantly mix 7vosi with their soap; that it owes 
its yellow colour, its odour, and its easy solubility in water to 
this addition, ought to have led chemists to have suspected the 
solubility of resins in alkalies. No such consequence, however, 
was drawn from this notorious fact. 

These alkaline’ solutions of resins have the properties of 
soap, and may be employed as detergents. When mixed 
with an acid, the resin is separated in flakes, usually of a yellow 
colour, and not much altered in its nature. 

Ammonia acts but imperfectly upon resins, and does not 
form a complete solution of any of those bodies hitherto tried. 

8. It was the received opinion of chemists that acids do not 
act upon resins. This opinion seems to have been founded on 


RESINS. 


the known effects of nitric acid upon oils, and on the old 
theory derived from that action, that resins are compounds of 
an oi] and an acid.* Mr. Hatchett first ascertained this opi- 
nion also to be erroneous, and showed that most of the acids 
dissolve resins with facility, producing different phenomena 
according to circumstances. 

Wie,” sulphuric acid is poured upon any of the resins in 
powder it dissolves them in a few minutes. At first the solu- 
tion is transparent, of a yellowish-brown colour, and of the 
consistency of a viscid oil, and the resin may be precipitated 
nearly unaltered by the addition of water. If the solution be 
placed on a sand bath, its colour becomes deeper, sulphurous 
acid gas is emitted, and it becomes very thick, and of an in- 
tense black.t Ifthe solution, some time after it is completed, 
and before it has acquired the deep black colour, be edul- 
corated, and the residuum digested in alcohol, and the alcohol 
afterwards separated by distillation’ the residue is in part 
soluble in cold water, and the portion dissolved possesses the 
properties of artificial tannin.{ Thus it appears, that sul- 
phuric acid dissolves resins, but gradually acts upon them after 
the solution is completed, converting them first into artificial 
tannin, and afterwards reducing them to charcoal: for the last 
black state of the solution is owing to the evolution of this 
substance. The charcoal thus formed is dense, and burns 
rather like mineral than vegetable coal. Its quantity is also 
very considerable. The following table exhibits a view of the 
proportion of charcoal obtained by Mr. Hatchett, by digesting 
different resins in sulphuric acid, edulcorating the residue, and 
separating the tannin by means of alcohol and water.§ The 
quantity of resin employed was always 100 grains. 


CODE ions csi ess Of QVAllS. 
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The quantity of charcoal formed by this process is very 


_ * See Hoffmann, Observ. Phys. Chim. Select. p. 55. 
+ Hatchett on an Artificial Tanning Substance, Phil. Trans. 1805. 
+ Hatchett’s Third Series of Experiments, ibid. 1806. 
§ Hatchett, ibid. 
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remarkable. The same substances, when charred in the usual 
| way by exposure to-a red heat in close vessels, yield very little” 
charcoal. The following table exhibits the quantity obtained — 


v 


by Mr.. Hatchett from 100 grains of several of them.* 


Mastich ti f.02% eee MANDO grains. 
rnbervti), aeuen. 3°50 
Posty shane ass 0°65 


r eas: 


‘ 


am 


Nitric acid likewise dissolves the resins with facility, but not — 


without changing their nature. Mr. Hatchett was first led to 


examine the action of this acid on resins, by. observing that 
resins are thrown down by acids from their solutions in alkalies — 
in the state of a curdy precipitate; but when nitric acid is 
added in excess, the whole of the precipitate is redissolved in — 


a boiling heat. This remarkable fact, which did not hold 


when sulphuric or muriatic acids were used, led him to try 
whether the resins were soluble in nitric acid. He poured 


nitric acid of the specific gravity 1°38, on powdered rosin 


in a‘tubulated retort; and by repeated distillation formed 


a complete solution of a brownish-yellow colour, The | 


solution took place much sooner in an open matrass than 


in close vessels. ‘The solution continues permanent, though — 
left exposed tothe air. It becomes turbid when water is added; — 
but when the mixture is boiled, the whole is redissolved. © 


When Mr. Hatchett collected the precipitate thrown down 
by water by filtration, he found that it still possessed several 
of the properties of resin. The resin is thrown down 


from nitric acid by potash, soda, and ammonia ; but an excess — 


of these alkalies redissolves the precipitate, and forms brownish 


orange-coloured liquids. When Mr. Hatchett dissolved resin 


in boiling nitric acid, the solution was attended with a copious 
discharge of nitrous gas; and when the powdered resin was 
thrown into cold nitric acid, a considerable effervescence soon 
took place, and a porous mass was formed, commonly of a 
deep orange colour. 

When the digestion of nitric acid upon a resinous substance 
is continued long enough, and the quantity of acid is sufficient, 
the dissolved resin is completely changed; it is not precipi- 


ee 


tated by water; and by evaporation, a viscid substance of a 


deep-yellow colour is. obtained, equally soluble in water and 


* Hatchett’s Third Series of Experiments, Phil. Trans. 1806. 
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alcohol, and seemingly intermediate between resin and ex- chap. i 
tractive.* If the abstraction of nitric acid be repeated, this — rR 
substance gradually assumes the properties.of artificial tan- formed 
nin.} ‘Thus it appears that nitric acid gradually alters the 
nature of resin, producing a suite of changes which terminate 
in artificial tannin, upon which nitric acid has no action. 

Muriatic acid and acetic acid dissolve resin slowly, and it Acetic acid. 
may be precipitated again from them.unaltered.. Mr. Hat- 
chett, to whom we are indebted for the knowledge of all these 
solutions, recommends acetic acid as an excellent solvent of 
resins for vegetable analyses. He employed it himself with 
much address in his analysis of the different varieties of lac. t | 

9. When resins are subjected to destructive distillation, we Distillation, 
obtain, according to Gren, carburetted hydrogen and car- 
bonic acid gas, a very small portion of acidulous water, and 
much empyreumatic oil. ‘The charcoal is light and brilliant, 
and contains no alkali. § 

10. When volatile oils are exposed for some time to the 
action of the atmosphere, they acquire consistency, and as- 
sume the properties of resins. During this change they ab- 
sorb a quantity of oxygen from the air. Westrumb put 30 
grains of oil of turpentine into 40 cubic inches of chlorine gas. 
Heat was evolved; the oil gradually evaporated, and assumed 
the form of yellow resin.|| Mr. Proust observed, that when 
volatile oil is exposed to the air, it is partly converted into a 
resin, and partly into a crystallized acid; usually the benzoic 
or the camphoric. Hence we see that the oil is converted into 
two distinct substances. During this change oxygen is ab- 
sorbed; and Fourcroy has observed that a portion of water is 
also formed.** It is probable, from these facts, that resin is Siaepeal: 
volatile oil deprived of a portion of its hydrogen, and com- oits united 
bined with oxygen. The experiments of Mr. Hatchett have * 
added much to the plausibility of this theory. 

No doubt the different resins contain different proportions 
of oxygen, carbon, and hydrogen, which are the only consti-' 
tuents. Hitherto only three resins have been analyzed with 
the requisite precision to enable us to estimate the number of 
atoms whick enter into their. composition. ‘These are com- . 


* Hatchett on an Artificial Tanning Substance, Phil. Trans. 1805. 

+ Hatchett’s Additional Experiments on Artificial Tannin, Phil. Trans. 
1805. 

¥ Phil. Trans. 1804. § Handbuch, ii. 140. 

\| Crell’s Annals, i, 1790. ** Fourcroy, viii. 16. 
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“~— analysis of Gay-Lussac and Thenard, is composed of 


gas weighs 
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100:000 * 


analysis are the following : 


2 aCONis OX¥ mens t5. pe oid thes ee 
15'‘atoms Carbon... ove A125 + osio5 te Oe 
13 atoms hydrogen .. = 1625 ..... 10°93 
30 _ 14°875 100°00 


a 
£ 


The smallest number of atoms which correspond with this — 


See eee ee 


Whether this table exhibits its real constitution cannot be © 
known till the weight of an atom of rosin be determined by — 
combining it with substances with which it enters into com- 
bination in definite proportions. But we are sure that its — 
weight is either 14°875, or some multiple of that number. 


From this composition, we see that it may by heat be totally 
converted into . 


Weaater scsi: Te ees 


Olefiant gas........ 9°625 
Carbon 83 oh ates 3°000 
14°875 


It is very probable that different resinous substances are | 


confounded together under the name of rosin; at least my 
experiments on the composition of rosin do not accord with. 
those of Gay-Lussac and Thenard. By passing a grain of 
resin through a tube filled with red-hot peroxide of copper, I 
converted it into carbonic acid and water. I obtained 5 cubic 


inches of carbonic acid, and 1:05 gr. of water = 0°1166 gr, 


hydrogen. The carbon in 5 cubic inches of carbonic acid 


Grains. 


0°6324 
Hydrogen .... 0°1166 


Total .. = 0°7490 
Deficiency ... 0°2510 


* Recherches Physico-chimiques, ii. 313. 
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This I consider as oxygen. Now these weights being con-. Chap. t, 
verted into volumes, give us : 


Cubic Inches. Atoms. Atoms, 
Carbon: 24.4. 5 OF arbapeor.. 16 
Elydrogen® 3...) 52 . «2 6.) SEED 


Oxygen ve eeoee 0°75 @e@e¢06 + Wiaile te 3 
10 atoms carbon .,.. = 7°5 
11 atoms hydrogen .. = 1°375 
3 atoms oxygen .... = 3° 
11°875 


When resin is heated to the temperature of 276°, it becomes 
quite fluid, and if it be kept at that temperature, it loses a 
_ quantity of water, and probably also of oil. When al- 
lowed to cool it concretes into.a reddish-yellow rosin, much 
darker than before, and composed, according to my expe- 
‘Yriments, of 


4;atoms carbon ...... = 3 

1 atom hydrogen ..... = 0°125 

3 atoms oxygen ...... = 3° 
6°125* 


When a grain of sandarach is passed through a tube filled 
with red hot peroxide of copper, we obtain 5°609 cubic inches 
of carbonic acid gas, and 1 grain of water. Now the weight 
of the carbon and hydrogen in these two substances, is as 
follows: 


Grains, 

War Don «oc 6s's seis ove O'7O8 
Hydrogen ........ OLLI 
0°819: 


Dehciencys i)... a0 NS! 


SS = 


1°000 


This deficiency I ascribe to oxygen. Now if we suppose 
these three constituents in the state of gas, their bulk would 
be as follows : 7 


* Annals of Philosophy, xv. 468. 
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Book IV. Cubic Inches. Volumes. 
| Carbon...... 5609 or 14 
Hydrogen ... 5°24. 2.05013 

Oxyren seins Oe pwiele 0 


This is equivalent to 


14 atoms carbon.... = 10°500 
13 atoms hydrogen... = 1°625 
1 atom oxygen .... 1-000 


13°125 


When sandarach has been kept for some time in a heat of 
308° in a state of fusion, its appearance and properties are 
considerably altered. On analyzing it in that state, I found it 
a compound of 


13 atoms carbon...... O15 
16 atoms hydrogen.... = 2°00 
4 atoms oxygen...... = 4°00 


15°75 
Thus it appears that the proportion of hydrogen and 
oxygen is increased, while that of carbon is diminished by 
exposure to heat. 


Copal, according to the experiments of Gay-Lussac and 
Thenard, is composed of . 


Oxygen ......3... 10°606 
Garbon) 2 iets; ef 26°S11 
Hydrogen ........ 12°583 


100°000 * 


The smallest number of atoms which correspond with this 
analysis, are 


2 atoms oxygen eosoee = Q Supa ies 
19 atoms carbon ...... = 14°25 .... 77°02 
18 atoms hydrogen. 0.0.) .p5= 0225, soa nh2eha 
39 18°5 10000 


Copal, according to this analysis, contains 5 atoms of hydro- 
gen and 4 of carbon more than rosin. It may be resolved 
into | 


* Recherches Physico-chimiques, ii. 314. 


RA tg 


RESINS. iS 13. 
Water @ee ah eevee | 225. Chap. I. 
Olefiant gas...... 14°00 | > all 
Carbon! Vota! se. Sit Qes6 


(18°50 

11. Hermsbstadt affirms, that to know whether any vege- 
table substance contains resin, we have only to pour some 
sulphuric ether upon it in powder, and expose the infusion 
to the light. If any resin be present, the ether will assume a 
brown colour. 

II. Having now described the general proper ties of resinous mae 
bodies, it will be proper to take a more particular view of — 
those of them which are of the most importance, that we may 
ascertain how far each possesses the general characters of 
resins, and by what peculiarities it is distinguished from the 
rest. The most distinguished of the resins are the following: 

1. Rosin.—This substance is obtained from different species Rosin. 
of fir; as the pinus abies, sylvestris, larix, balsamea. It is 
well known that a resinous juice exudes from the pinus syl- 
vestris, or common Scotch fir, which hardens into tears. The 
same exudation appears in the pinus abies, or spruce fir. 
These tears constitute the substance called thus, er common 
frankincense. When a portion of bark is stripped off these 
trees, a liquid juice flows out, which gradually hardens. This 
juice has obtained different names, according to the plant 
from which it comes. The pinus sylvestris yields common tur- 
pentine ; the larix, Venice turpentine; the balsamea, balsam of 
Canada, &c. All these juices, which:are commonly dis- 
tinguished by the name of turpentine, are considered as com~ 
posed of two ingredients; namely, oil of turpentine and rosin. 
When the turpentine is distilled, the oil comes over, and the 
rosin remains behind. When the distillation is continued to 
dryness, the residuum is known by the name of common 
rosin, or colophonium ; but when water is mixed with it while 
yet fluid, and incorporated by violent agitation, the mass is 
called yellow rosin. During winter the wounds made in the 
fir trees become encrusted with a white brittle substance called 
barras, or galipot, consisting of rosin united to a small portion 
of oil. The yellow rosin made by melting and agitating this 
substance in water is preferred for most purposes; because it 
is more ductile, owing probably to its still containing some 
oil.* Alcohol of the specific gravity 0°835 dissolves the 


-* See Neumann’s Chemistry, p. 286. 
KZ 
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eighth of its weight of rosin at the temperature of 60°. The’ 
solution is yellowish and perfectly transparent. When the 
rosin is obtained from the alcohol by evaporation, it has a 
dark-brown colour, and is exactly similar to rosin which has 
been kept for some time in a state of fusion. Rosin, when 
heated to 156°, becomes viscid and of the consistence of com- 
mon turpentine. At 276° it becomes quite fluid. When kept 
for some time at that temperature, it undergoes a, considerable 
loss of weight.* 

2. M ah —This resin is obtained from the pistacea lentis- 
cus, atree which grows in the Levant, particularly in the island 
of Chios. When transverse incisions are made into this tree, 
a fluid exudes, which soon concretes into yellowish semitrans- 
parent brittle grains.t In this state it is sold under the name 
of mastich. It softens ‘when kept in the mouth, but imparts 
very little taste. ‘This has induced surgeons to employ it to 
fill up the cavities of carious teeth, which it does tolerably 
well. When heated, it melts and exhales a fragrant odour. 
Its taste is slight, but not unpleasant. In Turkey great quan- 
tities of it are pid still to be chewed for swectening she breath, 
and strengthening the gums. It is to this use of the resin as 
a masticatory that it is supposed to owe its name.t Mastich 
does not dissolve completely in alcohol; a soft. elastic sub- 
stance separates during the solution. This substance, in Neu~ 
mann’s experiments, amounted to about ~!,th of the mastich ;§ 
but in those made more lately by Mr. Matthews, it was nearly 
a fifth.|| The nature of this insoluble portion was first exa- 
mined by Kind,** who found it possessed of all the properties 
of caoutchouc. ‘These experiments have lately been repeated 
by Mr. Matthews with a similar result. || Mr. Brande, how- 
ever, has observed, that when this insoluble substance is dried 
it becomes brittle, in which respect it differs from caoutchouc. 
He has observed also, that by passing a current of chlorine gas 
through the alcoholic solution of mastich, a tough elastic sub- 
stance is thrown down, precisely similar to the original insolu-_ 
ble portion.}+ When mastich is distilled either with water or 


* Annals of Philosophy, xv. 468. 

+ See Neumann’s Chem. p. 297. t Ibid. p. 298. § Ibid. 

|| Nicholson’s Jour. x. 247. ** Crell’s Annals, 1794, 11. 185. 

++ Phil. Mag. xxv. 111. From these experiments, together with those 
of Dr. Wollaston on this substance, there can be little Rie that it is a pe- 
culiar ‘vegetable principle. It may be characterized thus ; brittle, semitrans- 
parent, fusible like resins, insoluble in water and alcohol, soluble in ether... / 
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-alcohol, nothing considerable comes over with these liquids ; Chap. 1. 
but Hoffmann ascertained, that if the resin be first mixed in a 

mortar with its own weight of carbonate of potash, and after- 

wards distilled with alcohol, the liquid comes over both with 

the smell and taste of mastich.* With the other agents it ex- 

hibits the phenomena described in the former part of this sec- 

tion. | 

3. Sandarach.—This resin is obtained from thé thuya arti- sandarache : 

culata, which grows in Barbary.t It exudes spontaneously, : 
and is usually in the state of small round tears of a brown co- 
lour, and semitransparent, not unlike mastich, but rather more 
transparent and brittle. When chewed it does not soften as 
mastich does, but.crumbles to powder. Mr. Matthews found 

it almost completely soluble in eight times its weight of alco- 
hol. -The residue was extraneous matter.t It does not dis- 
solve in tallow or oil, as common resin does.§ Mr. Hatchett 
found it soluble in alkalies and acids with the same phenomena 

as common resin.|| It melts at 308°, and froths, giving out an 
agreeable smell. 

4, Elemi.—This resin is obtained from the amyris elemifera $ emi, 

a tree which grows in Canada and Spanish America. Inci- 
sions are made in the bark during dry weather, and the resi- ° 
nous juice which exudes is left to bated in the sun. It comes 

to this country in long roundish cakes wrapped in flag leaves. 

It is of a pale yellow colour, semitransparent ; at first softish, 

but it hardens by keeping. Its smell is at first strong and fra- 

grant, but it gradually diminishes. Neumann found that al- 

cohol dissolved 1sths of this substance; the remainder con- 

sisted chiefly of impurities, and was partly taken up by water. 

Both water and alcohol, when distilled with it, come over 

strongly impregnated with its flavour. Along with the water 

there comes over a fragrant volatile oil, which amounts to about 

_j;th of the resin employed.** 


* Hoffmann, Observ. Phys, Chim. Select. p. 68. 
+ Thenard, Traité de Chimie, 1. 225. 
{ Nicholson’s Jour. x. 246. § Ibid, 

"|| Giese, an apothecary of Augsburg, announced in Scherer’s Journal for : 
1802, p. 536, that sandarach does not dissolve completely in alcohol; that 
the residue amounts to about one-fifth of the whole. This residue he con- 
siders as a peculiar substance. Mr. Matthews proved, by a set of experi- 
ments, that the whole of this statement is inaccurate. I have no doubt that 
Giese employed mastich: instead of sandarach, and that the insoluble sub- 
stance detected was caoutchouc. 

** Neumann’s Chem. p. 296: 
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5. Tacamahac.—This resin is obtained from the fagara oc- 
tandra, and likewise, it is supposed, from the populus balsami- 
fera. It comes from America in large oblong masses wrapt in 
flag leaves. It is of a light brown colour, very brittle, and 
easily melted when heated. When pure it has an aromatic 
smell between that of Javender and musk. When distilled 
along with water or alcohol, nothing comes over with these 
liquids. When pure it dissolves completely in alcohol, and 
water has no action on it.* | 

6. Animé.—This resin is obtained from the hymenca cour- 
baril, or locust tree, which is a native of North America. 
Animé resembles copal very much in its appearance ; but it is 
easily soluble in alcohol, which copal is not; this readily dis- 
tinguishes them. It is said to be very frequently employed in 
the making of varnishes. Alcohol dissolves it completely. 
Water, aceording to the experiments of Neumann, dissolves 
about =+,th of it; and when the decoction is evaporated, it 
leaves an unctuous mass, which makes the fingers oily. Alco- 
hol distilled over it acquires both the smell and taste of animé, 
Water distilled from it shows on its surface a small quantity of 
volatile oil.+ 

7. Ladanum or labdanum.—This resin is obtained from the 
cystus creticus, a shrub which grows in Syria and the Grecian 
Islands. The surface of this shrub is covered with a viscid 
juice, which, when concreted, forms ladanum. It is collected 
while moist by drawing over it a kind of rake with thongs fixed 
to it. From these thongs it is afterwards scraped with a knife. 
It is always mixed with dust and sand, sometimes in great 
abundance. ‘The best is in dark coloured masses, almost black, 
and very soft, having a fragrant odour and a bitterish taste. 
The impurities, even in the best kinds, amount to about 11th. 
‘Water dissolves rather more than -;th of the pure portion, 
and the matter taken up is said to possess gummy properties, 
When distilled with water, a small quantity of volatile oil rises. 
Alcohol likewise comes over impregnated with the taste and 
smell of labdanum.t 

8. Botany Bay resin.—This resin is said to be the produce 
of the acarois resinifera ; a tree which grows abundantly in 
New Holland, especially near Botany Bay. Specimens of it 
were brought to London about the year 1799, where it was 
tried as a medicine, Some account was given of it in Gover- — 


-* Neumann’s Chem, p. 295, + Ibid. p. 297. ‘} Ibid. p. 295. 


RESINS, : 385 


nor Philips’s Voyage,* and in White’s Journal of a Voyage Ctp.t. 
to New South Wales ;+ but it is to Professor Lichtenstein that 

we are indebted for an account of its chemical properties. He 
obtained specimens from London, and published the result of 

his experiments in Crell’s Journal. 

The resin exudes spontaneously from the trunk of the sin- 
gular tree which yields it, especially if the bark be wounded. 
It is at first fluid, but becomes gradually solid when dried in 
the sun. According to Governor Philips, it is collected usually 
in the soil which surrounds the tree, having doubtless run down 
spontaneously to the ground. It consists of pieces of various 
sizes of a yellow colour, unless when covered with a greenish 
grey crust. Itis firm, yet brittle; and when pounded, does Properties, 
not stick to the mortar nor cake. In the mouth it is easily re- 
duced to powder without sticking to the teeth. It communi- 
cates merely a slight sweetish astringent taste. When mode- 
rately heated, it melts; on hot coals it burns to a- coal, emitting 
a white smoke, which has a fragrant odour somewhat like sto- 
rax. When thrown into the fire, it increases the flame like 
pitch. It communicates to water the flavour of storax, but is 
insoluble in that liquid. When digested in alcohol, two-thirds 
dissolve : the remaining third consists of one part of extractive 
matter, soluble in water, and having an astringent taste; and 
two parts of woody fibre and other impurities, perfectly taste- 
Jess and insoluble. The solution has a brown colour, and ex- 
hibits the appearance and the smell of a solution of benzoin. 
Water throws it down unaltered. When distilled, the pro- 
ducts were water, and empyreumatic oil, and charcoal; but it 
gives no traces of any acid, alkali, or salt, not even when dis- 
tilled with water. ; 

Twelve parts were boiled in a solution of pure soda in water.§ Action of 
Two parts of the resin were dissolved ; the remaining ten parts °*” 
were floating on the solution, cohering together in clots. No 
crystals were obtained by evaporating part of the solution ; 
and when sulphuric acid was dropped into another portion, 
resin separated unaltered. When mixed with twice its weight ana nitrie 
of nitric acid, the resin swims unaltered on the surface; but 2 
when heat is applied, a considerable effervescence takes place. 

The digestion was continued till the effervescence stopped, and 


* Duncan’s New Dispensary, p. 60. 

+ Appendix, p. 245. 1 1799, 11. 242. 

§ By pure sodasalze, it is impossible to say whether Lichtenstein means 
the carbonate of soda or pure soda. 
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the resin swam on the surface of the liquid collected together 
in clots. It was then separated by filtration. It had lost qigth 
of its weight. The resin thus treated had acquired a bitterish 
taste, was not so easily melted as before, and alcohol was ca- 
pable of dissolving only one-half of it. The solution was 
brown, tasted like bitter almonds; and when mixed with water, 
let falla yellow resinous precipitate of a very bitter taste. The 
insoluble portion mixed with water, but formed a turbid liquid, 
which passed through the filter. ‘The nitric acid solution se- 
parated from the resin by filtration was transparent; its colour 
was yellow; its taste bitter; and it tinged substances dipped 
into it of a yellow colour. By evaporation it yielded oxalic 
acid, and deposited a yellow earthy-like powder... This last 
substance was insoluble in water, and scarcely soluble in alco- 
hol. Its taste was exquisitely bitter, like quassia. It mixed 
with the saliva, and readily stained the skin and paper yellow. 
The residuum continued bitter and yellow; but yielded no 
precipitate with potash and nitrate of lime.* 

_ [have been thus particular in my account of Lichtenstein’s 
experiments, on account of the very curious results which he 
obtained. Had he employed stronger reagents and greater 
heat, he would have most probably anticipated the curious dis- 
coveries of Hatchett. The bitter substance, into which he 
converted this resin by nitric acid, deserves particular atten- 
tion.. He suspects that it is capable of producing the same 
changes on all the resins: a conjecture which he verified with 
regard to colophonium, as he found it to yield equally a yellow 
bitter substance. We now know from the experiments of 
Hatchett, that the action of nitric acid on the resins terminates 
in the formation of artificial tannin, which possesses a very 
bitter taste. 

9. Black poplar resin.—In the year 1770, the black poplar 
was pointed out, in a German periodical work, as a tree from 
which abundance of wax could be obtained. It was even said, 
that a manufactory of candles from the wax of this tree had 
been established in Italy. ‘This account having been revived 
in 1804, Schraeder was induced to make a set nf experiments 
on the subject. He found, that when the buds of this tree are 
boiled in water and properly pressed, they yield about 1th of 
their weight of a yellowish-white substance, which possesses 
the properties of a resin, and resembles, according to him, the 


* Lichtenstein, Crell’s Jour. 1799, 11. 242, 
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yellow resin of Botany Bay. When digested in water, a co-  Chap.t. 
loured solution is obtained, which reddens litmus paper, which — 
becomes muddy by cooling, and which when evaporated depo- 

sits small crystals.* 

10. The green resin, which constitutes the colouring matter Green re- 
of the leaves of trees, and almost all vegetables, is insoluble in 
water, and soluble in alcohol. From the experiments of Proust 
we learn, that when treated with chlorine it assumes the colour 
of a withered leaf, and acquires the resinous properties in 
greater perfection. 

11. Copal.—This substance, which deserves particular atten- Copal. 

sion from its importance as a varnish, and which at first sight 
seems to belong to a distinct class from the resins, is obtained, 
it is said, from the thus copallinum, a tree which is a native of 
North America ; but the best sort of copal is said to come from 
Spanish America, and to be the produce of different trees. No 
less than eight species are enumerated by Hernadez.t 
- Copal is a beautiful white resinous substance, with a slight 
tint of brown. It is sometimes opaque, and sometimes almest 
perfectly transparent. When heated it melts like other resins; 
but it differs from them in not being soluble in alcohol, nor in 
oil of turpentine without peculiar management. Neither does 
it dissolve in the fixed oils with the same ease as the other re- 
sins. It resembles gum animé a little in appearance; but is 
easily distinguished by the solubility of this last in alcohol, 
and by its being brittle between the teeth, whereas animé soft- 
ens in the mouth.§ The specific gravity of copal varies, ac- 
cording to Brisson, from 1:045 to 1:139. I found it 1-069. 
Mr. Hatchett found it soluble in alkalies and nitric acid with 
the usual phenomena; so that in this respect it agrees with the 
other resins. The solution of copal in alkalies he found in- 
deed opalescent, but it isnevertheless permanent. It deserves 
attention, that he found rosin, when dissolved in nitric acid, 
and then thrown down by an alkali, to acquire a smell resem- 
bling that of copal. 

When copal is dissolved in any volatile liquid, and spread Forms the 
thin upon wcod, metal, paper, &c. so that the volatile men- pies ieee 


* Schrader, Gehlen’s Jour. vi. 598. + Jour. de Phys. lvi. 106. 

+ Lewis, Neumann’s Chem. p. 299. From Dr. Roxburgh’s account it 
appears that the Indian tree Valeria indica yields a resin possessing proper- 
ties intermediate between those of copal and amber. WNicholson’s Journal, 
XXVil. 72. 


§ Ibid. 
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Book TV. strunm may evaporate, the copal remains. perfectly transparent, — 
—v~ and forms one of the most beautiful and perfect varnishes -that 


Solution in 
linseed oil. 


Japanners’ 
varnish, 
far 


Solution in 
oil of ture 
pentine. 


can well be conceived. The varnish thus formed is called co- 
pal varnish, from the chief ingredient in it. This varnish was 
first discovered in France, and was long known by the name of 
vernis martin. 'The method of preparing it is concealed; but 
different processes for dissolving copal in volatile menstrua 
have been from time to time made public. The following are 
the most remarkable of these: 

‘When copal is kept melted till a sour smelling aromatic 
odour has ceased to proceed from it, and then mixed with an 
equal quantity of linseed oil, which has been deprived of ail 
colour by exposure to the sun, it unites with the oil, and forms 
a varnish which must be dried in the sun.* , 

I have been informed by a very ingenious japan manufac- 
turer in Glasgow, that the copal varnish used by the English 
japanners is made as follows: four parts by weight of copal in 
powder are put into a glass matrass and melted. ‘The liquid | 
is kept boiling till the fumes, condensed upon the point of .a 
tube thrust into the matrass, drop to the bottom of the liquid 
without occasioning any hissing noise, as water does. This is — 
a proof that all the water_is dissipated, and that the copal has — 
been long enough melted. One part of boiling hot linseed oil © 
(previously boiled in a retort without any litharge) is now — 
poured into it, and well mixed. The matrass is then taken off 
the fire, and the liquid, while still hot, is mixed with about its 
own weight of oil of turpentine. The varnish thus made is — 
transparent, but it has a tint of yellow, which the japanners — 
endeavour to conceal by giving the white ground on which | 
they apply it a shade of blue. It is with this varnish that the) 
dial plates of clocks are covered after having been painted — 
white. 

When copa! is treated with oil of turpentine in close vessels, — 
the vapour being prevented from escaping, exerts a greater 
pressure, and the heat rises above the boiling point. This ad- 
ditional heat is said to enable the oil to dissolve the copal. The 
solution, mixed with a little poppy oil, forms a varnish which 
is distinguished from the vernis martin merely in having a very — 
slight tinge of brown.+ | 

The method of dissolving copal in oil of turpentine, pub. | 
lished by Mr. Sheldrake, seems to depend upon the same prin-— 


* Dr. Black’s Lectures, 14.359. + Ibid. 
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ciple with the last solution. On two ounces of copal, broken chap. 1. 
into small pieces, is poured a mixture of four ounces of am- Heth sige 
monia with a pint: of oil of turpentine. The whole is kept mes of 
boiling very gently, so that the bubbles may be counted as they aan 
‘rise. If the heat be allowed to diminish, or if it be raised too 

high, the process stops, and cannot be again resumed. The 
matrass, in which the mixture is boiled, is stopped with a cork, 
secured in its place by a brass wire, and perforated by a pin. 
When the copal is nearly dissolved, the process is stopped, and 
the whole allowed to cool before uncorking the matrass. ‘This 
varnish has a deep colour; but when spread thin and allowed 
to dry, it becomes colourless. Its defect is the difficulty with 
which it dries. This defect Mr. Sheldrake remedies by throw- 
ing the solution into its own weight of nut oil, rendered drying 
by white lead, and agitating till the turpentine is separated. 

To dissolve copal in alcohol, Mr. Sheldrake dissolves half Ana cam- 
an ounce of camphor in a pint of that liquid, and pours the” 
solution on four ounces of copal. ‘The matrass is placed in a 
sand bath, and the process is conducted exactly as the one last 
described. The solution thus formed contains a great deal of 
copal, and forms a varnish which is perfectly colourless; but 
considerable heat is necessary to drive off the camphor. 

Mr. Sheldrake has lately favoured the public with another 
and easier method of dissolving copal. ‘This method is as 
follows : " 

_ % Provide a strong vessel made of tin or other metal; it shetarane’s 
should be shaped like a wine bottle, and capable of holding two *°*** 
quarts; it will be convenient to have a handle strongly rivetted 
to the neck; the neck should be long and have a cork fitted to 
the mouth, but a notch or small hole should be made in the 
cock, that when the spirit is expanded by heat, a small portion 
_may force its way through the hole, and thus prevent the ves- 
sel from bursting. 

‘‘ Dissolve half an ounce of camphor in a quart of spirit of 
turpentine, and put it into the vessel; take a piece of copal the 
size of a large walnut, reduce it to a coarse powder or very 
small pieces; put them into the tin bottle, fasten the cork down 
with a wire, and set it as quick as possible upon a fire so brisk 
as to make the spirit boil almost immediately; then keep it 
boiling very gently for about an hour, when so much of the 
opal will be dissolved as will make a very good varnish; or, 
if the operation has been properly begun, but enough of copal 
has not been dissolved, it may be again put on the fire, and by 
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BookIV. boiling it slowly for a longer time, it may be at last brought to 

the consistence desired.” * 
Van Mons relates another process much simpler than any 
of the above, which he says was taught him by Mr. Demme- 
Demmenie’s Nie, a Dutch artist. It consists in exposing copal to the action 
process: of the steam of alcohol. A long-necked matrass is filled one- 
fourth full of strong alcohol, and a piece of copal is suspended 
| above the surface of the liquid at some little distance; the top 
of the matrass is covered with a condensator; the alcohol is 
kept boiling: the copal softens, and drops down into the alco- 
hol like oil. When these drops no longer dissolve, the pro- 
cess must be stopped. ‘The solution thus obtained is perfectly 
colourless. Copal may be dissolved in oil of turpentine by the 

same process.} 

Sp The following method of making copal varnish has been re- 
mand’s Pro- commended by (Pisiedeox Lenor rhatid. Drop upon the pieces 
of copal pure essential oil of rosemary. ‘Those pieces that are 
softened by the oil are fit for the purpose, the others not. Re- 
duce them to a fine powder, put this powder into a glass vessel 
not thicker than a finger breadth, pour oil of rosemary over it, 
and stir it about with a glass rod. In a short time the whole 


is converted into a very thick liquid. Pour alcohol on this 
liquid by little at a time, incorporating it, by gently agitating 


the vessel, till it is of the requisite thinness for use. t 

12. Highgate resin——This substance was dug up at High- 
gate, near London, during the late attempt to run a tunnel 
through the hill. It was in small amorphous masses of differ- 


ent sizes. Colour a muddy-yellowish light-brown. Semitrans- 


parent. Lustre resinous, and surface smooth, as if it had been 


long agitated in water. It was less easily broken than common — 


rosin, but much more easily than copal. Softer than copal. 
Has a resinous and aromatic smell, especially when heated. 
When heated it melts and may be rendered as liquid as water, 
without altering its colour. When in lumps it is insoluble in 


water, alcohol, potash ley, acetic acid. But ether renders it 


opaque and white, and quite tender; it loses its cohesion and 


crumbles into powder upon the least pressure between the fin- 


gers. The ether at the same time dissolves a portion, which it 
‘deposits when mixed with water. Nitric acid partly dissolves 
and partly converts it into a red coloured substance. Water 


* Nicholson’s Jour. 1x. 157. + Ibid. xxiv. 67. 
t Jour. de Chim. i. 218. 
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throws down the dissolved portion in the state of bitter-tasted Chap. 1. 
\white-flocks. Sulphuric acid readily chars it when assisted by — 
heat. When in a state of a fine powder alcohol dissolves a 
‘small portion of it. . It is insoluble in potash ley.* 

13. Lac.—This is a substance deposited on different species 

‘of trees in the East Indies, by an insect called chremes lacca, 
‘constituting a kind of comb or nidus. It has been imported History. 
‘into Kurope, and extensively used from time immemorial ; but 
it is only of late years that correct information concerning it 
has been obtained. For what relates to the natural history of 
the insect, and the mode of forming the lac, we are indebted 
to Mr. Ker,+ Mr. Saunders,} and Dr. Roxburgh.§ Though 
very often employed in the arts, it was neglected by chemists. 
Geotlroy, junior, indeed, published a dissertation on it, but it 
contains few chemical experiments. He merely subjected it to 
distillation, and obtained products which he thought similar to 
those given by wax in the same circumstances. || ‘This led him 
to consider it as a species of wax, an opinion followed by Neu- 
mann ;** but Junker,t+ and most of the subsequent chemical 
writers, place it among the resins. Mr. Hatchett has exa- 
mined it with his usual address, and ascertained its composition 
and properties.t{{ To him we are indebted for almost every 
thing which we know respecting its chemical nature. 

There are varicus kinds of lac distinguished in commerce. Varieties. 
Stick lac is the substance in its natural state, encrusting small 

‘twigs. When broken off and boiled in water it loses its red 
colour, and is called seed lac. When melted and reduced to 
the state of.a thin crust, it is called shell lac. Stick lac is of 
a deep red colour, and yields to water a substance which is used 
as ared dye. ‘The-other two varieties are brown. 

Water dissolves the greatest part of the colouring matter of properties. 
lac, which varies from 15 to + per cent. Alcohol dissolves the 
greatest part of the resin, which constitutes the chief ingre- 
dient in the composition of lac. Ether acts more feebly. Sul- 
phuric acid dissolves and gradually chars lac; nitric acid dis- 
solves, and then produces the same changes on it as on other 
resinous bodies. Muriatic and acetic acids likewise act as sol- 


* Annals of Philosophiy, iii. 9. + Phil. Trans. 1781, p. 376. | 
. + Phil. Trans. 1789, p. 107. § Ibid. 1791, p. 228. 
|| Mem. Par. 1714, p.121; and Martine’s translation of the Memoires of 
the French Academy, v. 4. 
** Chemistry, p. 334. +t Conspectus Chemiz, ii. 70. 
_.$t Analytical Experiments on Lac, Phil. Trans. 1804. 
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Book v. yents. A solution of borax in water readily dissolves lac. ‘The 


Constitue 
ents. 


best proportions are 20 grains of borax, 100 grains of lac, and 
four ounces of water. This solution, mixed with lamp black, 
constitutes Indian ink ; and may indeed be employed for many 
of the purposes of varnish. The fixed alkalies readily dissolve 
lac, but not the volatile. When placed on a hot iron it melts, 
and emits a thick smoke with an odour rather pleasant, leav- 
ing a spongy coal. When distilled, it-yields water slightly aci- 
dulous, and a thick butyraceous oil. ‘The gases emitted are a 
mixture of carbonic acid and carburetted hydrogen. Stick lac 
yields also some carbonate of ammonia; but the other-two va- 
rieties none. ‘The following table exhibits the constituents of 
the different varieties of lac, according to the analysis of Mr. 
Hatchett : 


* 


Stick Lac. Seed Lac. Shell Lac. 
Tes EP BBM eB ish > FAP ogg 
Loprounino matter |.) 10 Mee i 6's OD 
Wa EPS De GO age Bh BG 
Ce IS Ro Ee er a Be rears 
Foreign bodies 5) e0igeg Pee aes — 


Toss Se RSE AS PEE Baie he (es ee 


one ee oo Qe, 


100°0 100°0 100°0 


The resin is less brittle than those bodies usually are. The 

colouring matter possesses the properties of extractive; the 
wax is analogous to myrtle wax, and the gluten closely resem- 
bles the gluten of wheat.* 
_ Dr. John published a set of observations on stick lac in 
1810, and drew as a conclusion, that it consists of three distinct. 
substances; viz. a colouring matter, a peculiar body to which 
he gave the name of /accin and resin. 

In the year 1816, a very elaborate analysis of stick lac ap- 
peared by the same chemist. According to him, 120 grains of 
stick lac are composed of the following substances : 


* Hatchett, Phil. Trans. 1804. 
+ Chemische Untersuchungen, i. 52, 


RESINS. 
Resin, insoluble in ether eooeoecveoveseeoes 80 - 
Laccin Rr aP ata E PatGue Ride’ iaiah otal CwiW elalale lataelh ewe 


Cochenilitiy 4) f5ib048 Catia 5 aie Liare Osten ted 5 
« Extractives. does voi dh ee, Gwe ie 

Yellow! extfactiiile sad anes udensana owl ars 
Ieaecie Heid...) Peke: NCES aR pars eee eo OTS 


Cochenil coloured coverings of insects .. 2°5 
Wax y-tallowie 4 stlnerico 
Laccate of potash... 
Sulphate of i pel 
Muriate of potash... 
Phosphate of lime... 
Ajsaltof iron: isi. 
Earthy matter .......... dis eNOS 
LORS MR II0 crc hois o's Meares IARRINN dette ta Totes 


eeospeoe eer w7 es oe 2 


eeooetoeoe een © 6 1:25 


120°00 
The laccin was the matter that remained after the lac had 
been repeatedly digested in alcohol and water, till nothing fur- 


ther could be removed. It is distinguished by the pa 
characters. 
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It is hard and brittle, has a yellow colour, and a certain de- Laccin, 


gree of transparency. It is insoluble in cold water; but in 
hot water, though it does not dissolve, it becomes soft. In cold 
alcohol it softens, increases in bulk, and acquires a slippery 
feel. Even hot alcohol is unable to dissolve it. In ether and 
essential oils it swells a little, and becomes quite transparent, 
but does not dissolve. 

It dissolves very readily in potash ley, and the solution has 
a light-brown colour. Muriatic acid renders the solution 
milky, and the laccin slowly precipitates. . Concentrated sul- 
phuric acid dissolves it very rapidly; the solution has an ame- 
thyst colour, and becomes muddy when mixed with water. 
When long boiled with water, containing from —1,th to 4th of 
its weight of sulphuric acid, only a small portion of it is dis- 
solved. This portion is obtained in the state of a yellowish 
gum, when the acid is separated by means of lime, and the so- 
lution evaporated. This property distinguishes it readily from 
cerasin. Concentrated nitric acid dissolves it slowly when as- 
sisted by heat. The solution is clear, and has a yellow colour 
without any bitter taste. It gradually deposites some crystals 
of oxalic acid. Diluted nitric acid has no effect on it either 
cold or hot. 
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When heated, laccin gives out an aromatic odour, and be- — 


comes soft. It does not melt, but is gradually charred. When 
distilled, it gives out water, an acid, which when saturated with 
soda, throws down muriate of iron white, and a yellow and 
brown oil. No .ammonia can. be detected in the products of 
the distillation.* . 

The uses to.which lac is applied in India are very numer- 
ous. In Europe it forms. the basis of sealing-wax; which is 
made by melting lac with different proportions of turpentine 


‘and some colouring matter, as ivoty-black, for black sealing- 


, 


wax; vermillion for. red, &c. It constitutes also the basis of — 


many varnishes and lackers. ‘This last name indeed is de- 
rived from the word lac.+ 

14. Amber.—This substance is undoubtedly of vegetable 
origin; and though it differs from resins in some of its pro- 
perties, yet it agrees with them in so many others, that it may, 
without impropriety, be referred to them. For the chemical 
investigation of the properties of this substance, we are chiefly 
indebted to the labours of Hoffmann,{ Bourdelin,§ Stockar 
de Neuforn,|| Heyer,** and more lately it has occupied ‘the 


attention of Mr. Hatchett. ‘The best account of amber var-. 


nish which I have seen is by Nils Nystrom in the Stockholm 
Transactions for 1797.++ 

Amber is a brittle, light, hard substance, usually nearly 
transparent; sometimes almost colourless, but commonly yel- 
low or even deep brown. It has considerable lustre. — Its 
specific gravity is 1:065. It is tasteless, and without smell, 
except when pounded or heated, when it emits a fragrant 
odour. When heated it softens; but, as far as is known, 


cannot be melted without losing some of its weight, and alter- | 


ing its appearance. In a strong heat it burns, leaving a small 


* Chemische Untersuchungen, iv. 12. 

+ A detailed account of the method of making several of these is given 
by Dr. Lewis in his Philosophical Commerce of the Arts, p. 223. 

+ Obs. Phys. Chem. p. 60 and 198. 

§ Sur le Succin. Mem. Par. 1742, p. 192. 

|| Specimen. Chem. Med. Inaugur. de Succino in Genere et speciatim de 
Succino Fossili Wisbolzensi, 1760. This tract contains a very copious set 


of experiments; which, however, do not always agree with those of other _ 


chemists. Wasserberg’s Treatise on Amber is chiefly an abridgment of 
Stockard’s. 
** Chemische versuche mit Bernstein, 1787. 
+t Ihave seen the paper only ébrowst the medium of Crell’s Journal, It 
is insertedin Crell’s Annals, 1799, ii. 171 and 253. 
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quantity of ashes, the nature of which has not yet been ascer= _Chap.1. 


tained. Water has no action on it; but alcohol, by long di- 
gestion, dissolves about one-eighth of the amber, and forms a 
coloured solution, which when concentrated becomes milky 
when mixed with water. The precipitate possesses the pro- 
perties of a resin. The residuum of the amber is not acted on 
by alcohol. Though amber be roasted before the action of 
the alcohol, the tincture is still formed. Hence we learn 
that the resinous part of amber is not expelled by a melting 


heat.* When amber is treated with a boiling fixed alkali, it Action of 


is almost completely dissolved, according to ‘Hoffmann, audio 


the compound possesses the qualities of soap ; for it is soluble 
in water and alcohol, and not thrown down by water. Mr. 
Hatchett found that the alkalies act only partially on amber, 
extracting a yellow tincture. Probably this ingenious che- 
mist did not continue the process long enough; for ] have 
accidentally ascertained, that a weak solution of potash is ca- 
pable of dissolving amber completely without the assistance of 
heat, provided it be allowed to act for a sufficient time. [had 
formed a weak solution of potash (I believe carbonate) as 
nearly as possible of the specific gravity of amber, and I had 
put into it some amber powder, to show the supposed cur- 

- rents of Count Rumford during the heat of the liquid. On 
examining the infusion about a month after, I found the 
amber all lying at the bottom of the phial. I added more 
alkali to restore the equilibrium. Some time after the amber 
was again at the bottom, and it was necessary to add more 
alkali. By this time the solution had acquired a yellow 
colour. I therefore explained the sinking of the amber, by 
supposing that the potash had dissolved a portion of it, and 
that this had altered the specific gravity of the solution. Not 
knowing at the time that any experiments had been made on 
the subject, I put aside the phial to ascertain the result. 
Three years after only two or three particles of the amber at 
most could be detected, the rest having dissolved completely. 


The weaker acids have no action on amber. Sulphuric ofacias. 


acid converts it into a black resinous mass. Nitric acid acts 
upon it; when assisted by heat, nitrous gas is emitted. ‘The 
amber is first converted into a light resinous substance, and at 
last dissolves completely. Heyer, who first. made this experi- 
ment, could obtain neither oxalic nor acetic acid by the 


* Heyer. 
VOL. IV. . L 
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action of nitric acid on amber. ‘That nitric acid is really ¢a-. 


pable of dissolving amber has been lately verified by the ex- 
periments of Hatchett, who found it soluble with the same 
phenomena as resins in general. 

Neither: fixed nor volatile oils have any action on 3 amber 
unless it has been previously roasted or exposed to a melting 
heat. When thus treated, it combines with oils, and the so- 
lution forms amber.varnish. The process recommended by 
Nystrom is this: amber is to be spread on a flat-bottomed 
iron pan, and placed on an equal coal fire till it melt; it is 
then to be withdrawn, covered with a plate of copper and 
iron, and allowed to cool. If the process be properly con- 
ducted, the amber will have lost half of its weight. If the 
fire be too strong, the amber will be scorched and rendered 
useless. If it be too low, the amber will not melt, but be re- 
duced to a brown crust, which answers well enough for a var- 
nish, provided it be exposed to heat till it is reduced to one- 
half of the original weight. One part of this roasted amber 
is to be mixed with three parts of linseed oil (rendered drying 


by litharge and white vitriol), and the mixture exposed to a- 


gentle heat till the amber is dissolved: it is then to be with- 
drawn from the fire, and when nearly cold four parts of oil of 
turpentine are to be added. ‘The whole’is then allowed to 
settle, and the clear portion is passed through a linen cloth. 
When amber is distilled, there comes over carburetted hy- 


drogen and carbonic acid gas, an acidulous water, then an | 


oil, at first thin and transparent, but becoming gradually 
darker and thicker. ‘Towards the end of the process the suc- 
cinic acid sublimes. From the observations of Vogel, it ap- 


pears that a portion of the yellow matter which is obtained by. 


this distillation possesses the properties of wax very nearly.* 
15. Resin from bitumen. Mr. Hatchett ascertained, that 
when asphalt, mineral caoutchouc, and other similar bodies, 
are digested a sufficient time in nitric acid, they furnish a 
comedarahte portion of a brown substance, which possesses 


_ many of the properties of resins. Kilkenny coal, and every 


other variety of coal which contains no. bitumen, is converted © 
by nitric acid into artificial tannin, but yields no resin; while — 


common coal furnishes both. ‘Thus it appears that bitumen, 
when treated with nitric acid, has the property of peiaes a 
species of resin. 


) * Gehlen’s Jour. v. 272. 
5 
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»This substance has a pale brown-colour like that: of Spanish Chap. 1. 
snuff; its internal fracture is dark-brown, and it has a resin- 
ous lustre. When heated it does not readily melt; but when Pepi 
inflamed emits a resinous odour, mixed with that of fat oils, 
and leaves’a coal much more bulky than the original sub- 
stance. Alcohol dissolves it. Water throws down a part 
from the solution; but a portion remains undissolved, which 
acts on reagents like extractive. 'The taste is bitter.. Hence 
this substance appears to be intermediate between extractive 
and resin. When digested with nitric acid it is readily con- 
verted into artificial tannin; and when digested with sulphuric 
acid it is converted into charcoal.* 
I have now enumerated the most remarkable of the resin-| 
ous: bodies with which we are acquainted. There are indeed 
many of the substances employed in medicine, which undoubt- 
edly contains resins; for example, aloes, jalap, snake-root, 
_arnica, &c.; but as these have not yet been chemically exa- 
mined, it would be in vain to dwell upon them. 


SECT. XXVIL 
OF GUAIACUM. 


Tus substance is obtained from the guaiacum officinale, a origin. 
‘tree which is a native of the West Indies, and yields a very 
‘hard heavy wood. The resin exudes spontaneously, and is 
also driven out artificially by heating one end of the wood m 
billets previously bored longitudinally; the melted resin runs 
out at the extremity farthest from the fire. This substance 
has been used in medicine for a considerable time, having 
been originally recommended in venereal diseases. Nothing 
‘is known concerning its original introduction into Europe. 

It was considered by chemists as a resin, till Mr. Hatchett 
observed, that when treated with nitric acid it yielded pro- 
‘ducts very different from those of resinous bodies.+ ‘This ‘in- 
duced Mr. William Brande to examine its chemical properties 
in detail.t To his ae paper we are indebted for almost 


* Hatchett’s Third Series of vat Sasa on Artificial Tannin, Phil. 
Trans. 1806. 

+ Second Series of Experiments on Artificial Tannin, Phil. Trans. 1805. 

{ Chemical Experiments on Guaiacum, Phil. Trans. tae and Phil. 


Mag. xxv. 105. 
L2 
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all the accurate information which we possess respecting its 
chemical nature. 

3. Guaiacum is a solid substance, canto a resin in ap- 
pearance. Its colour differs considerably, being partly brown- 
ish, partly reddish, and partly greenish; and it always becomes 
green when left exposed to the light in the open air.* It has 
a certain degree of transparency, and breaks with a vitreous 
fracture. When pounded it emits a pleasant balsamic smell, 
but has scarcely any taste, although when swallowed it excites 
a burning sensation in the throat. When heated it melts, 
and diffuses at the same time a pretty strong fragrant odour. 
Its specific gravity is 1°2289.+ | 

2. When guaiacum is digested in water a portion of it is 
dissolved, the water acquiring a greenish-brown colour and a 
sweetish taste. The liquid, when evaporated, leaves a brown 
substance, which possesses the properties of extractive; being 
soluble in hot water and alcohol, but scarcely in sulphuric 
ether, and forming precipitates with muriates of alumina, tin, 
and silver. This extractive amounts to about nine parts in 
the hundred of guaiacum. 

3. Alcohol dissolves guaiacum with facility, and forms a 
deep brown-coloured solution. Water renders this solution 
milky by separating the resin. Muriatic acid throws down 
the guaiacum of an ash-grey, and sulphuric acid of a pale- 


green colour. Acetic acid and the alkalies occasion no pre- — 
cipitate. Liquid chlorine throws it down of a fine pale-blue, — 


which does not change when dried. Diluted nitric acid oc- 
casions no change at first; but after some hours the liquid 
becomes green, then blue, and at. last brown, and at that 


period a brown coloured precipitate falls down. If water be, 
mixed with the liquid when it has assumed a green or a blue- | 


colour, green and blue precipitates may be respectively ob- 
tained.§ 

4. Sulphuric ether does not act so powerfully on guaiacum 
as alcohol. The solution obtained by means of it exhibits 


the same properties when treated with reagents as that in- 


alcohol.|| 


5. The alkaline solutions, both pure and in the state of — 
carbonates, dissolve guaiacum ‘with facility. ‘Two ounces of a 


ud Wollaston, Nicholson’s Jour. viii, 294. 

+ Brande, Phil, Mag. xxv..105. . t Ibid. 

§ Tbid. p. 106. \| Ibid. p. 106. 
oe 
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- saturated solution of potash dissolved about 65 grains of chap.1 


suaiacum; the same quantity of ammonia only 25 grains; or 
guaiacum dissolves in about 15 parts of potash and 38 parts 
‘of ammonia. Nitric acid threw down from these solutions a 
brown precipitate, similar to what is obtained when the alco- 
holic solution is mixed with the same acid. Muriatic acid 
and diluted sulphuric acid throw down a flesh-coloured curdy 
precipitate, which in its properties approaches the nature of 
extractive.* 


_ 6. Most of the acids act upon guaiacum with considerable “anit 


- energy. 

Sulphuric acid dissolves it, and forms a deep-red liquid, 
which deposits while fresh a lilac-coloured precipitate when 
mixed with water. When heat is applied the guaiacum is 
charred. 

Nitric acid dissolves guaiacum completely without the 
assistance of heat, and with a strong effervescence. When 
the solution is evaporated, it yields a very large quantity of 
oxalic acid.~ No artificial tannin appears to be formed, but 
rather a substance possessing the properties of extractive. 
Diluted nitric acid converts guaiacum into a brown substance, 
similar to the precipitate obtained by nitric acid from the al- 
coholic solution of guaiacum. ‘This brown matter possesses 
the properties of a resin.t 

Muriatic acid acts but slightly, as the guaiacum soon melts 
into a blackish mass, which is not acted upon.§ . 


7. When guaiacum is distilled, 100 parts of it yielded to Distillation, 


Mr. Brande the following products: 


DECIOUS WATE! wie sae reese ece tees ess UC aTO 
TCE OTOWN Oll oc see clk eee eee TOS 
Oem OV TEU O's ss + a4 he siete se 9) OU 
ACO Gases weer tert s «1 OUO 
Gases, consisting of carbonic acid and 
carburetted hydrogen.......+++:++. 990 
Se eke pate hac era chess eee VO 


DES 


100°0 


The coal when incinerated left three grains of lime, but no 
alkaline substance. || 


* Brande, Phil. Mag. xxv. 109. 

+ Hatchett, Second Series of Experiments on Artificial Tannin, P4i 
Trans. 1806. 

{ Brande, Phil, Mag. xxv. 107. § Ibid. || Ibid. 
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Book Ivy, 8. Such are the properties of guaiacum, as far as they have. 
“~~ been hitherto ascertained. From the preceding’ detail,, it. is: 
- obvious that guaiacum in many respects coincides with the 
resins: but it differs from them in three particulars so re-) 
markable, that we cannot avoid considering it as a distinct 
substance. 
Peculiar The first of these is baths great quantity of charcoal which 
Proper it leaves when distilled in close vessels. This Mr. Brande 
found to amount to above 30 per cent.; while the resins, in 
like circumstances, hardly ever leave more than 15 per cent. 
of charcoal, and often not nearly so much. It is possible, 
however, and indeed not improbable, that this difference is to 
be ascribed to the different degrees of heat employed. 

The second peculiarity is the action of nitric acid on 
guaiacum. ‘This acid does not dissolve the resins without the 
assistance of heat, but converts them into a brown brittle 
mass; whereas it dissolves guaiacum completely. The action 
of this:acid on the resins terminates in the formation of arti- 
ficial tannin, whereas its action on guaiacum terminates in the 
formation of oxalic acid. This striking difference is alone 
sufficient to warrant a separation of guaiacum from the 
resins. 

The third peculiarity i is the remarkable suite of changes of 
colour which guaiacum undergoes ‘when its solutions are 
treated with nitric acid and chlorine. Dr. Wollaston first 
observed that guaiacum becomes green when exposed to light, 
provided air have access to it; and that the colour is again 
removed by the application of heat.* Hence it is probable 
that oxygen occasions the change. This opinion is much 
strenothened by the experiments of Mr. Brande. When | 
guaiacum was pat: in contact with oxygen gas, it became 

Forms green sooner than in the open air. When put into chlorine 
oxides. gas it became: first green, then blue, and lastly brown; and 
ammonia, when left in contact with it, restored again its 
green colour. In like manner, by treating the alcoholic solu- 
tion of guaiacum with nitric acid, green, blue, and brown 
precipitates are obtained, according to the length of time that 
the acid is allowed to act upon it. ‘These facts give consider-. - 
able plausibility to the opinion of Mr. Brande, that the 
changes of colour are owing to the combinations of oxygen 
with the guaiacum; that the green contains the least, and the 


* Nicholson’s Jour, viii. 295. 
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brown the most oxygen, while the blue is ‘intermediate.* Ch*p. !- 
Thus guaiacum, in its changes of colour, bears some resem- ~ 


blance to indigo. Mr. Brande has remarked a coincidence 
also between guaiacum and the green resin of the leaves of 
plants. 


SECT. XXVIII. 


OF BALSAMS. 


Tue term balsam or balm was originally confined to a thick 
fragrant juice obtained from the amyris Gileadensis, and after- 
wards applied by chemists to all substances which possessed 
the same degree of consistence anda strong smell, whether 
natural or artificial. Bucquet restricted the term to those 
resinous-like substances which yield benzoic acid when heated. 
This new meaning of the word, which has been adopted by 
chemists in general, has introduced into the class of balsams 
several substances which were formerly considered as resins. 
The word balsam originally implied a substance possessing a 
certain degree of fluidity ; but now there are two classes of bal- 
sams; the one fluid, and the other solid and brittle. 
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A balsam, then, is a substance which possesses the general pefuition. 


properties of a resin; but which, when heated or digested in 
acids, yields a portion of benzoic acid. Chemists, in general, 
have considered them as combinations of a resin with benzoic 
acid; but Mr. Hatchett has made it probable, that the acid is 
formed at the time of its separation.+ 


They are insoluble in water; but when boiled in that liquid. properties. 


often give out a portion of benzoic acid. Alcohol and ether 
dissolve them readily. The strong acids likewise dissolve 
them; and during the solution a portion of benzoic acid is 
separated. Nitric acid, in some cases, evolves likewise traces 
of prussic acid. The alkalies act upon them nearly as on the 


resins. They may be divided into two classes; namely, liquid division. 


and solid balsams. 
I. LIQUID BALSAMS. 
The liquid balsams at present known are five in number ; 


namely, 


* Brande, Phil. Mag. xxv. 107. 
+ Second Series of Experiments on Artificial Tannin, Phil, Trans. 1606. 
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1. Opobalsamum. 4. Peru. 
2. Copaiva. 5. Styrax. 
3. Tolu. 


1. Opobalsamum or balm of Gilead.—This balsam is ob- — 


tained from the amyris Gileadensis, a tree which grows in 
Arabia, especially near Mecca. It is so much valued by the 


Turks that it is seldom or never imported into Europe. We 


are of course ignorant of its composition. It is said to be at 
first turbid and white, and ofa strong aromatic smell, and bitter, 
acrid, astringent taste; but by keeping, it becomes limpid and 
thin, and its colour changes first to green, then to yellow, and 
at last it assumes the colour of honey, and the consistence of 
turpentine.* 

2. Copaiva—This balsam is obtained from the copaifera 


officinalis ; a tree which grows in South America, and some of — 


the West Indian islands. It exudes from incisions made in 
the trunk of the tree. The juice thus obtained is transparent, 
of a yellowish colour, an agreeable smell, a pungent taste, at 
first of the consistence of oil, but it gradually becomes as 
thick as honey. Its specific gravity is 0°950.+ When mixed 
with water and distilled there comes over with the water a 
very large portion of volatile oil. Lewis obtained half the 
original weight of this oil.{ Schonberg, from eight ounces of 
copaiva, a amen 31 of oil by this process.§ It was colourless, 
very limpid, of the specific gravity 0°900; had the taste and 
smell of copaiva, but rather stronger. It dissolved in eight 
parts of alcohol; but the copaiva itself is a good deal more 
soluble.|| ‘The oil ceases to come over before all the water has 
passed into the receiver. The residuum, of course, consists of 
two substances; namely, the watery portion, and a greyish- 
yellow substance, lying at the bottom of the vessel, which, on 
exposure to the air, dries, and becomes brittle and transparent. 
When heated it melts, and possesses the characters of a resin. 


When distilled it yielded a yellowish thick oil, some acidu- \ 


lous water, and a gas; one-sixth of which was carbonic acid, 
and the remainder seemed to possess the characters of olefiant 
gas.** From these facts, which have been long known, it was 


* This is the account of Professor Alpinus, as quoted by Lewis, Neu 
mann’s Chem. p. 284. 

+ Schonberg, Gehlen’s Jour. vi. 494. 

{ Neumann’s Chem. p. 285. § Gehlen’s Jour. vi. 494. 

\) Schonberg, Gehlen’s Jour. vi. 494. -** Schonberg, ibid. 497. 
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‘concluded, that copaiva is a compound of a resin and a vola-" Chap. 1. 
tile oil, which passes over at a heat inferior to that of boiling 
‘water; but the experiments of Schonberg have rendered. it But is ae- 
‘much more probable, that the balsam is decomposed when ea 
distilled along with water, and that both the oil and resin are 

new products. ae : 

When distilled on a water bath, nothing comes over but a Distittation 
few drops of water, and one or two drops of oil.* IH the 
‘vessel be kept at a temperature between 234° and 257°, 
-scarcely any thing more is obtained than when the distillation 

is conducted over a water bath. At the temperature of 504° 
the balsam begins to boil gently, a gas is extricated, and drops 
begin to pass more rapidly into the receiver. At 550° it boils 
briskly, and the distillation goes on rapidly. ‘There passes 
into the receiver a limpid yellowish oil, occasionally mixed 
with a drop or two of water. As the distillation proceeds the 
oil becomes more and more yellow. At this period the bal- 
sam is as liquid as water, and boils without any frothing or 
swelling. After this period the oil becomes yellow, and then 
brownish-red ; but still continues pretty thin. The first oil 
obtained by Schonberg from eight ounces of copaiva, by this 
process, was 3,1, ounces. ‘The water had a sour taste, and 
reddened litmus paper. The gas amounted to 81 ounce mea- 
sures; 1th of it was carbonic acid, the rest resembled olefiant 
gas.t ’ ! 

Nitric acid acts upon this balsam with considerable energye action ein 
When one part of the balsam is mixed with four parts of ™™ site 
nitric acid and two parts of water, and heated, a yellowish 
solution is formed, similar to the original balsam, but darker. 

When distilled, there comes over with the liquid that passes 
into the receiver an apple-green oil, which lines the helm of 

the retort. The nature of the residue was not examined. 

~ Doubtless it would have been found to contain artificial tan- gj siarts 
nin, provided a sufficient quantity of acid was employed.t —— ™ Pentias - 

When treated with sulphuric acid, it yields a portion of 
artificial tannin.§ 

Whether this balsam yields benzoic acid has not been as- 
certained. Its properties are rather against the probability of 
its doing so. Indeed it bears a striking resemblance to tur- 


* Schonberg, Gehlen’s Jour, vi. p. 495. + Id. ibid. 

+ Id. ibid. p. 499. 

§ Hatchett, Third Series of Experiments on Artificial Tannin, Phil. 
Trans. 13806. 
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pentine in many respects; and ought, along with it, to con- 
stitute a class of bodies intermediate between volatile oils and 


-resins, to which the name of turpentines might be given. | 
3. Balsam of Tolu.—This substance is obtained from the 


toluifera balsamum, a tree which grows in South America. 
The balsam flows from incisions made in the bark. It comes 
to Europe in small gourd shells. It is of a reddish brown 
colour and considerable consistence; and when exposed to 
the air, it becomes solid and brittle. Its smell is fragrant, 
and continues so even after the balsam has become thick by 
age. When distilled with water, it yields very little volatile 
oil, but impregnates the water strongly with its taste and 
smell. A quantity of benzoic acid sublimes, if the distillation 
be continued.* 


Mr. Hatchett found it soluble in the ai shag like the rest of | 


the balsams. When he dissolved it in the smallest possible 
quantity of lixivium of potash, it completely loses its owm 
odour, and assumes a most fragrant smell, somewhat resem- 


bling that of the clove pink. ‘ This smell,” Mr. Hatchett — 


observes, ‘ is not fugitive, for it is still retained by a solution 
which was prepared in June, and has remained in an open 
glass during four months.” 

When digested in sulphuric acid, a considerable quantity 


of pure dicate acid sublimes. When the solution of it in’ 


this acid is evaporated to dryness, and the residue treated with 
alcvhol, a portion of artificial tannin is obtained; the residual 
charcoal amounts to 0°54 of the original balsam.+ 


Mr. Hatchett found that it dissolved in nitric acid with © 


nearly the same phenomena as thie resins; but it assumes the 


odour of bitter almonds, which leads him to suspect the for-. 


mation of prussic acid. During the solution in nitric acid, a 
portion of benzoic acid sublimes. By repeated digestions it is 
converted into artificial tannin. 

4. Balsam of Peru.—This substance is obtained from the 
myroxylon peruiferum, which grows in the warm parts of 
South America. The tree is full of resin, and the balsam is 
obtained by boiling the twigs in water. It has the consistency 


of honey, a brown colour, an agreeable smell, and a hot 


* Lewis, Neumann’s Chem. p. 285. 

+ Hatchett, Third Series of Experiments on Artificial Tannin, Phil. 
Trans. 1806, 

{ Ibid. 
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liquid separated by the filter reddens vegetable blues, and “—~ 


deposits crystals of benzoic acid on cooling. ‘The water con- 
tains no other substance.* When distilled with water, it yields 
a very small quantity of reddish limpid oil. Hoffmann ob- 
tained only one part of oil from 16 of balsam. Lichtenberg 
mixed two ounces of balsam with eight of water, and distilled. 
The first two. ounces of water came over colourless, and had 
only a slight odour of the balsam. ‘The next three were 
milky, smelt strongly of the balsam, and at the bottom of the 
receiver were some drops of colourless oil. ‘The next 1) 
ounce were similar, but contained more oil. Between 50 and 
60 grains of benzoic acid had sublimed into the neck of the 
retort. By increasing the heat 34 drachms of yellow oil came 
over, and a quantity of benzoic acid. A black shining coal 
remained in the retort. : 


When this balsam is exposed to the heat of a water bath, action of 


only a drop or two of water and a few drops of oil can be ob- ; 
tained.§ When placed in a sand bath, and exposed to a tem- 
perature gradually raised, nothing more comes over till the 
balsam. is heated to 300°, when a portion of benzoic acid 
sublimes;, and at 324°, drops of water and oil began to come 
over. At 550° the balsam begins to boil, and some gas is 
disengaged. At 594° the oil (mixed with a little water) comes 
over pretty fast. At 617° it comes over still more rapidly. 
Lichtenberg, to whom we owe these experiments, kept four 
ounces of balsam at that temperature for two hours, and ob- 
tained two ounces of a yellowish oil, and a crystallized mass 
of benzoic acid, which, together with the water, weighed 64 
drachms. The gas obtained amounted to 58 ounce measures; 
of these, 38 were carbonic acid. The rest burnt like olefiant 
gas. By increasing the heat a brownish oil came over, and 
at last a black oil of the consistence of pitch, and 49 ounce 
measures of gas were extricated. Of these, six were carbonic 
acid; the residue burnt with a bluish white flame. || 


A saturated solution of carbonate of soda forms with this of atkaties. 


balsam a thick mass. When diluted with water and heated, 
a portion is dissolved. ‘The solution, when saturated with sul- 
phuric acid, deposits-crystals of benzoic acid. One part of the 


* Lichtenberg, Gehlen’s Jour. vi. 489. 
+ Observ. Phys. Chym. Select. p. 71. { Gehlen’s Jour. vi. 485. 
§ Lichtenberg, Gehlen’s Jour. vi. 485. || Ibid. p. 487. 
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Book Iv. balsam, treated with one part of potash dissolved in four 


OF acids. 


Styrax. 


parts of water, formed an opaque solution, which gradually 
separated into two portions: the uppermost, a clear oil with 
some grey flakes at its lower surface; the undermost, a dark 
brownish-red opaque solution. This last solution, when satu- 
rated with sulphuric acid, lets fall a resinous-like substance, 


dissolved by boiling, while benzoic acid crystallized .* 


Nitric: acid acts upon the balsam with energy, and gives it 


an orange-yellow colour when assisted by heat. When dis- 


tilled with a sufficient quantity of this acid diluted, the liquid 
in the’receiver smells of bitter almonds. When supersaturated 
with carbonate of potash, and mixed with a solution of iron, 
a precipitate falls, which, when treated with muriatic acid, 
leaves prussian blue, and indicates the presence of prussic 
acid. During the distillation benzoic acid sublimes. The 
residue in the retort has a crystalline appearance, is light yel- 
low, dissolves sparingly in boiling water, and precipitates on 
cooling in the state of a yellow powder.t+ Such was the result 
of Lichtenberg’s trials. Mr. Hatchett observed that the residue 
possessed the properties of artificial tannin. : 

When this balsam is treated with sulphuric acid, artificial 
tannin is also formed, and the residual charcoal amounts to no 
less than 0°64 of the original weight of the balsam.t 

5. Styrax.—This is a semifluid juice, said to be obtained 
from the liquidambar styraciflua, a tree which grows in Vir- 
ginia, Mexico, and some other parts of America. § It is pre- 
pared, according to Mr. Petiver, in the island Cobross in the 
Red Sea, from the bark of a tree called rosa mallos by the na- 
tives, and considered by botanists as the same with the Ame- 
rican species. ‘The bark of this tree is boiled in salt water to 
the consistence of bird-lime, and then put into casks.|| Bouillon 
la Grange has published an account of its properties.** - Its 
colour is greenish, its taste aromatic, and its smell agreeable. 


It is easily volatilized by heat. When treated with water, ben- | 


zoic acid is dissolved. It is totally soluble in alcohol except 
the impurities. When exposed to the air it becomes harder, 
and absorbs oxygen. When distilled, it yields an acidulous 


-* Lichtenberg, Gehlen’s Jour. vi. 487. + Gehlen’s Jour. vi. 491. 
{ Hatchett, Third Series of Experiments on Artificial Tannin, Phil. Trans. 
1806. 
§ Lewis, Neumann’s Chemistry, p. 291. 
|| Phil. Trans. 1708, vol. xxvi. p. 44. ** Ann, de Chim. xxvi. 203. 
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water, having the odour of benzoic acid, a limpid colourless Chap. r. 


hot oil, a solid coloured oil, benzoic acid, and a mixture of 
carbonic acid and carburetted hydrogen. The charcoal is 
light and contains some oil. 


II. SOLID BALSAMS. 


The solid balsams at present known are only three in num- 
ber; namely, 
1. Benzoin. 
2. Storax. 
8. Dragon’s blood. 


1. Benzoin.—This substance is the produce of the styrax enzoin. 


benzoe, a tree which grows in Sumatra, &c. and which has been 
described by Mr. Dryander.* Benzoin is obtained from this 
tree by incision; a tree yielding three or four pounds. It is 
a solid brittle Butibtatlcd: sometimes in the form of yellowish 
ae tears joined together by a brown substance, and some- 
times in the form’ of a brown substance not unlike common 
rosin. It has a very agreeable smell, which is increased by 
heating the benzoin. It has little taste. Its specific gravity 
is 1:092. This substance has been used in medicine for ages, 
and various processes have been pointed out by chemists for 
extracting benzoic acid from it: but the only person who has 
examined its properties in detail is Mr. Brande. + 
Cold water has very little effect on benzoin, but boiling 


water takes up a portion of benzoic acid. 


Alcohol dissolves it when assisted by a gentle heat, and forms Action of 


a deep yellow solution inclining to Vice ob brown. When *<ete! 


this solution is diluted with water, the benzoin precipitates in 
the form of a white powder. Itis precipitated also by muriatic 


and acetic acids, but not by the alkalies. A few drops of sul- ° 
_ phuric acid likewise precipitate the benzoin ; but an additional 


quantity redissolves it, and forms a liquid of the colour of 
port wine. When equal quantities of the alcoholic solution 
of benzoin and sulphuric acid are mixed, a dark-pink preci- 
pitate falls. The liquid assumes a pink colour, which becomes 
lilac when diluted with water. Nitric acid occasions a strong 
effervescence, and forms a dark-red fluid with the alcoholic 


solution, but throws down no precipitate. 


* Phil, Trans. 1787, p. 307. + Nicholson’s Jour. x, 82. 
} Brande, Nicholson’s Jour. x. 82. 
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Ether dissolves benzoin with facility, and the solution with 
reagents exhibits the same phenomena as the alcoholic.* 

Nitric acid acts. with violence on benzoin, and converts it 
into an orange coloured mass. When assisted by heat the 
acid dissolves the benzoin; and as the solution cools, crystals 
of benzoic acid gradually separate. Mr. Hatchett ascertained 
that by this process a quantity of artificial tannin is formed. 

Sulphuric acid dissolves benzoin, while benzoic acid (as 
Hatchett discovered) sublimes; the solution is at first a deep 
red. By continuing the digestion, a portion of artificial tannin 
is formed, and the cheircoal evolved amounts to 0°48 of the 
benzoin dissolved.t 

Acetic acid dissolves benzoin without the assistance of heat. 
When heat is applied, the solution, as it cools, becomes turbid ; 
owing to the separation of benzoic acid.t 

Bonen is. dissolved by a boiling lixivium of the fixed 
alkalies; a dark-brown solution is formed, which becomes 
turbid after some days’ exposure to the air. Ammonia like- 
wise dissolves benzoin sparingly.§ 3 

When Mr. Brande exposed 100 grains of benzoin ina 
retort to a heat gradually raised to redness, the products were, 


POETIZOMAUICL, wrale Se e Oh ses ans Gee ake wh Ate tT a 
NCIC UIOUE) WACERY 2 «sel ctoue tg ngs aces es oy RMD 
Butyraceous and empyreumatic oil...... 60°0 
RR UAL EOIN re sic es RU Min ede situa W <a caret « ee 
Carburetted hydrogen and carbonic acid. 3°5 


nee 


100°0 


Bucholz subjected 1500 grains of benzoin to a chemical | 


_ analysis. He obtained the following substances, 


Beart eee a eer eee oe LO Ne Rt: RD Rt} 
BPenvoieraciad’ PC. bee oe Ae TBF 
Substance similar to balsam of Peru ........ 25 
Aromatic substance soluble in water and alcohol 8 
Woody fibres and impurities .............. 30 


as 


1500 || 


* Brande, Nicholson’s Jour. x. 82. 

+ Hatchett, Third Series of Experiments on Artificial Tannin. 

{ Brande, Nicholson’s Jour. x. 85. § Ibid. p. 86. 
|| Ann. de Chim. Ixxxiv. 319. 
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2, Storax.-—This is the most fragrant of all the balsams, Chap. ¥. 


and i is obtained from the styrax officinalis, a tree which grows ¢ 

‘in the Levant, and it is said also in Italy. Sidenbetintch it cd 
‘in the state of red tears; and this is said to be the state in 
which it is obtained from the tree. But common storax is in 
large cakes; brittle, but soft to the touch, and of a reddish- 
brown colour. This is more fragrant than the other sort, 
though it contains a considerable mixture of saw-dust. It 
dissolves in alcohol. When distilled with alcohol or with 
water, scarcely any oil is obtained. When distilled by the 
naked fire, it seems, from the experiments of Neumann, to 
yield the same products as benzoin.* 


_ 3. Dragon’s blood. —This is a brittle substance of a dark- Drazon’s 


red colour, which comes from the East Indies. There are two 
sorts of it; one in small oval drops or tears of a fine deep- 
red, which becomes crimson when the tears are reduced to 
powder; the other is in larger masses, some of which are pale- 
red, and others dark. . It is probably obtained from different 


kinds of trees; the calamus draco is said to furnish most of 


what comes from India. The dracena draco and the ptero- 
carpus draco are also said to furnish it. 


blood. 


Dragon’s blood is brittle and tasteless, and has no sensible Properties. 


smell, Water does not act upon it, but alcohol dissolves the 
greatest part, leaving a whitish-red substance, partially acted 
apon by water. The solution has a fine deep-red colour, 
which stains marble, and the stain penetrates the deeper the 
hotter the marble is. It dissolves likewise in oils, and gives 
them a deep-red colour also. When heated it melts, catches 
flame, and emits an acid fume similar to that of benzoic acid.t 
When digested with lime, a portion'of it becomes soluble in 


water, and it acquires a balsamic odour. On adding muriatic | 


acid to the solution, a red resinous substance is precipitated, 
and slight traces of benzoic acid only become perceptible. 
Nitric acid acts upon it with energy, changes it to a deep- 
yellow, a portion of benzoic acid is sublimed, and a brown 
‘mass remains soluble in water and possessing the properties 
of artificial tannin.§ When ‘treated with sulphuric acid no 
perceptible portion of benzoic: acid sublimes; but it is con- 


* Neumann’s Chem. p. 290. + Lewis, Neumann’s Chem. p. 299 

+ Hatchett, Second Series of Experiments on Artificial Tannin, Phil. 
Trans. 1806. 

§ Hatchett, ibid. 
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verted partly into artificial tannin, while a quantity of. char-_ 
coal is evolved, amounting to 0°48 of the original dragon’s » 
blood employed.* | : 


SECT. XXIX. 
OF GUM RESINS. 


Tuts class of vegetable substances has been long distin- — 
guished by physicians and apothecaries. It contains many 
active substances much employed in medicine; and they cer- 
tainly possess a sufficient number of peculiar properties to 
entitle them to be ranked apart. Unfortunately these sub- 
stances have not yet attracted much of the attention of chemists. 
Their properties and constituents of course are but imperfectly 
ascertained. Of late, however, they have engaged the atten- 
tion of M. Braconnot, who has recently published a very de-_ 
tailed examination of several of them, and has promised to 
examine in the same manner the whole of the class.t ‘They 
may be distinguished by the following characters. 

They are usually opaque, or at least their transparency is 
inferior to that of resins. ‘They are always solid, and most. 
commonly brittle, and have sometimes a fatty appearance. 

When heated they do not melt as the resins do; neither 


are they so combustible. Heat, however, commonly softens 
them, and causes them to swell. They burn with a flame. 


They have almost always a strong smell, which in several 
instances is alliaceous. Their taste also is often acrid, and 
always much stronger than that of the resins. 

They are partially soluble in water; but the solution is al-, 
ways opaque, and usually milky. 

Alcohol dissolves only a portion of them. The solution is 
transparent ; but when diluted with water it becomes milky ; 
yet no precipitate falls, nor is any thing obtained by filtering 
the solution. 

Vinegar and wine likewise dissolve them partially; and the 
solution, like the aqueous, is opaque or milky. 

According to Hermlstadt, they are insoluble in sulphuric 
ether. 


of Hatchett, Third Series of Experiments on Artificial. Tannin, Plu. 
Trans. 1806. 


+ Ann. de Chim, Ixviil. 19. 
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The action of alkalies on them has been examined only by Chap. i. 


- Mr. Hatchett. All of them tried by that celebrated chemist 
_ dissolved readily in alkaline solutions when assisted by Heat. 

We may therefore consider them as soluble in alkalies like 
- resins. 

From the experiments of Mr. Hatchett, we learn that the 
acids act on these bodies nearly as they do on the resins. 
Sulphuric acid dissolves them, and gradually converts them 
- into artificial tannin and charcoal. The following are the 
quantities of charcoal obtained by this chemist from 100 
grains of different gum resins digested in alcohol: _ 


AMMOMaeLy 6 206.6 es OS) i Wiyerh..s.'. it's.) 408 
PRCRIE UIE osha lees OL Gamboge......°31 
Olibanum ..... ease ee ae 


Nitric acid acts upon them with energy; converting them 
fitst into a brittle mass, and then, with the assistance of heat, 
dissolving them. By evaporating this solution, Mr. Hatchett 
obtained, from ammoniac and asafcetida, a portion of artificial 
tannin; but he did not succeed in procuring it by the same 
means from olibanum, myr rh, and gamboge.* 

Their specific gravity is usually greater than that of the 
resins. 


Their other properties still continue unknown. They all 


either exude spontaneously from plants, or are obtained by 
incisions. At first they seem to be in a liquid state; but they 
gradually harden when exposed to the air and weather. 

They have been usually considered by chemists as com- 
posed of gum and resin; but their properties are not con- 
sistent with that supposition. ‘They all contain a volatile oil, 
or a substance intermediate between an oil and resin. To 
this substance we are to ascribe the milky solution which they 
form with water. The other constituent, in most cases, bears 
a much closer resemblance to extractive than to gum. Per- 
haps, then, we shall not err very far, if we consider the gum 
- resins as composed of a gum or an extractive substance, and 
a body intermediate between oil and resin; to which last they 
owe their most peculiar properties. 

The gum resins, which have been hitherto a to any 
useful purpose, are the following: 


..* Phil. Trans. 1806. 
WO. LV. M 
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1. Galbanum. It is obtained from the bubon galbanum, a 
perennial plant, and a native of Africa. When this plant is 
cut across a little above the root, a milky juice flows out, 
which soon hardens and constitutes galbanum. It comes to 


this country from the Levant, in small pieces composed of 


tears, agglutinated together, of a yellowish or white colour. 
Its taste is acrid and bitter, and its smell peculiar. Water, 
vinegar, and wine, dissolve part of it, but the solution is 
milky. Alcohol dissolves about 2ths. When. distilled it 
yields about half its weight of volatile oil, which has at first 


-a blue colour. Its specific gravity is 1°212.* 


Ammoniac. 


According to the analysis of M. Meisner, it is composed 
as follows: 
Mess 2 ss) esr Cee Gare 
Coins Sa ee ee eer aa 
(eras) rr Me Ee Noe TS 
Malic acids. pee eee ss Oe 
Volatile ie oe og pe ee eg, 
Vegetable debris .... 2°8 
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2. Ammoniac.—This substance is brought from the East 
Indies. Nothing certain is known concerning the plant which 
yields it; though from analogy it has been suspected to be a 
species of ferula.t It is in small pieces agglutinated together, 
and has a yellowish-white colour. Its smell is somewhat like 


that of galbanum, but more pleasant. Its taste is a nauseous. 


sweet mixed with bitter. It does not melt. Water dissolves 
a portion of it; the solution is milky, but gradually lets fall 
a resinous portion. More than one-half is soluble in alcohol. 
This portion is a resin. Colour white, soft, and ductile. 
Melts when heated, and burns like a resin. When heated 


becomes harder, but not brittle. Nearly tasteless. Soluble 


in ether and in nitric acid. Precipitated from it in the form 


of an orange substance, partly resin, partly bitter. A portion — 


* Brisson. + Annals of Philosophy, xiv. 385. 

t Wildenow made the seeds vegetate which are observed in ammoniac. 
Of the plant produced he has formed a new genus under the name of 
heracleum gummifera. But as the roots of this plant were not observed to 
yield ammontac, it is still doubtful how far it is the plant from which am- 
moniac is procured. See Ann. de Chim. Ixix. 267. 
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remains, and gives the liquid a yellow colour. Taste of the Chap. 1 


solution slightly acid and bitter. Not precipitated by car- 
bonate of soda, ammonia, nitrate of silver, nor acetate of lead. 
The orange substance has a bitter taste. When heated, 
readily swells and blackens, but does not flame. Burns with- 
out leaving any residuum. Lighter than water. When agi- 
tated in water, tinges it yellow, but does not all dissolve. The 
specific gravity of ammoniac is 1°207.. Mr. Hatchett found 
it soluble in alkalies. Neither alcohol nor water, when dis- 
tilled off it, bring over any thing. 

According to the analysis of Braconnot, ammoniac is eom~ 
posed of the following ingredients : 


TUCSIIV. crac cieraein te a cat TOON 
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Glutinous matter .... 0 4°4 
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The resin he found brittle and yellow. In these respects 
it differs from the resin which I extracted from ammoniac, 
which was soft, and continued so after being exposed to the 
air for two months. ‘This difference is probably owing to the 
state of the ammoniac, sometimes it is brittle and yellow, at 
other times soft and white. It was in this last state that I 
examined it. Braconnot found the yellow matter into which 
this resin is converted by nitric acid soluble in hot alcohol 
and water. It had the property of dyeing silk a fine yellow 
colour, not altered by chlorine. The gum which he extracted 
- from ammoniac possessed the properties of common gum as 
as far as he examined them. It is transparent, yellowish, 
brittle, soluble in water, and precipitated by subacetate of 
lead, but not by the acetate, nor the nitrate of lead. The 
mercurial salts render the solution milky. By nitric acid it 
is converted into saclactic and oxalic acids, and furnishes also 
a little malic acid. The glutinous matter was insoluble in 
water and alcohol; it became black when dried, and yielded 
a yellow matter and some oxalic acid when treated with nitric 
acid.* 


3. Aloes,—This is the inspissated juice of the leaves of a Alow. 


. * Ann. de Chim, Ixvili. 69. ‘ 
M 2 
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Book IV. yariety of the aloe perfoliata, a plant which grows in Socotora, 


Olibanum. 


an island in the East Indies. Aloes has a resinous appear- 
ance, a reddish-yellow colour, a bitter taste, and an aromatic 
smell. It has been recently examined by Braconnot, who 
found it composed chiefly of a peculiar matter similar to that 
detected by Vauquelin in many febrifuge barks, and to which 
Braconnot proposes to give the name of resinous bitter princi- 
ple.* 'Trommsdorf, on the other hand, and Bouillon La 
Grange and Vogel, consider it as composed of resin and a 
peculiar extractive matter.t Fabroni has discovered that the 
recent juice of the leaves of the aloe has the property of ab- 
sorbing oxygen, and of assuming a fine reddish-purple, and 
of yielding a pigment which he strongly recommends to the 
painter. 

4. Olibanum.—This substance is the frankincence of the 
ancients. ‘They obtained it, as Dioscorides informs us, from 


Arabia and India. From Pliny we learn that the tree which 


yielded it was neither known to the Greeks nor Romans. At 
present olibanum is imported to London in chests, containing 
each about a hundred weight. It comes from different places, 
among others from the East Indies, but the Indian olibanum 
is least esteemed. ‘The tree which yields this gum resin con- 
tinues still doubtful. The probability is, that different species 


of trees furnish it in different countries. Lamark is of opi- 


nion that the tree which yields the Arabian olibanum is the 
amyris gileadensis. It is called by the natives soukiou. Ac- 
cording to Foerskal, it is the amyris kataf. Mr. Colebrook 
has shown that the Indian olibanum comes from the boswellia 
serrata of Roxbourgh, a large tree, which grows on the moun- 
tains of India. § 

Olibanum is a semitransparent, brittle, whitish-yellow sub- 
stance, usually covered externally by a whitish farinaceous 
substance, produced by the pieces rubbing against each other. 


‘) 


im 


Its taste is acrid and aromatic, and when burnt, it diffuses an | — 


agreeable odour. ' When heated, it melts with difficulty, but _ 
_ burns brilliantly, and leaves a whitish ash composed of phos- | 


phate of lime, carbonate of lime and sulphate, muriate and 
carbonate of potash. According to the analysis of Braconnot, 
it is composed of the following ¢ constituents : 


* Ann. de Chim. lxviii. 18. tT Ibid. p. 11 and 155. 
t Ibid. xxv. 301. § Asiatic Researches, ix. 377. 
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The oil had a lemon colour, and a smell similar to the oil 
of lemons. | 

The resin is reddish-yellow, brittle, tasteless, and very simi- 
lar in appearance to rosin. Boiling water softens it; but a 
higher temperature is necessary to melt it. When burnt, it 
eniits rather an agreeable odour. When heated to dryness 
with potash ley, it leaves a matter which is capable of forming 
a kind of emulsion with boiling water. 

The gum possesses few mcpiiieetsied The infusion of nut- 
galls occasions a precipitate in its aqueous solution. Nitric 
acid converts it partly into saclactic acid.+ 
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5. Sagapenum.—The plant which yields this gum resin is sagapenum. 


not well known ; but it is suspected to be the ferula persica. 
The substance a eNtae is brought to Europe from Alexandria. 
It is commonly in tears Leolatinated together. Colour yel- 
low. ‘Taste hot and bitter. Smell alliaceous. Softens be- 
tween the fingers, but does not melt when heated. Sparingly 
soluble in water, but almost completely soluble in alcohol. 
When distilled with water it yields a little volatile oil. The 
water is arene impregnated with the flavour of the saga- 
penum. t¢ 


6. Shale We: —This substance is obtained froth the ferula Asafetida. 


asafetida, a perennial plant which is a native of Persia. When 
the plant is about four years old, its roots are dug up and 
cleaned. ‘Their extremity being then cut off, a milky juice 
exudes, which is collected. ‘Then another portion is cut off, 
and more juice exudes. ‘This is continued till the roots are 
exhausted. The juice thus collected soon hardens and con- 
stitutes asafoetida. It comes to Europe in small grains of dif- 
ferent colours, whitish, reddish, violet, brown. Pretty hard, 
bet brittle. Its taste is acrid and bitter; its smell strongly 
alliaceous and fetid. Alcohol, according to Neumann, dis- 
solves about 3ths of this substance; and water takes up nearly 


* Ann. de Chim. Ixviii. 60. + Braconnot, Ann. de Chim. Ixviii. 60. 


~ Neumann’s Chem. p. 316. 
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ith if applied before the spirit. A considerable portion of 
earthy matter remains undissolved. It yields a volatiie =, 
both when distilled with water and alcohol. ‘This oil possesse~ 
the active properties of the asafcetida itself* The specific 
gravity of the gum resin is 1°327. 

7. Scammony.—This substance is obtained from the convol- 
vulus scammonia, a climbing plant which grows in Syria, and 
was first correctly described by Dr. Russel.t The roots when 
cut yield a milky juice. This when collected and allowed to 


harden constitutes scammony. Colour dark-grey or black. 


Smell peculiar and nauseous; taste bitter and acrid. With 
water it forms a greenish coloured opaque liquid. Alcohol 
dissolves the greatest part of it. It is usually mixed with the 
expressed juice of the root, and frequently also with other 
impurities, which alter its appearance. In medicine it operates 
as a strong cathartic. Its specific gravity is 1°235. } 

~ Vogel and Bouillon La Grange have analyzed the two 
varieties of scammony that come from Aleppo and from 
Smyrna. ‘The scammony of Aleppo was composed of 


Resin @eeeoeoeseeoe ose eee G02 6 @ & @ 60 
CR a's Gin era ci cuca e tet ete 3 
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Vegetable debris, earth, &c. .,.. 35 
! 100 
The scammony of Smyrna was composed of 
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Vegetable debris, &c. ......+--- 58 


ee 
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8. Opoponax.—This substance is obtained from the pastt- 
naca opoponax, a plant which is a native of the countries round 
the Levant. The gum resin, like most others, is obtained by 
wounding the roots of the plant.. The milky juice, when 
dried in the sun, constitutes the opoponax. - It is in lumps of 


* Neumann’s Chemistry, p. 312. 

+ See an abridgment of his account by Dr. Lewis, Neumann’s Chem. 
p. 303. 

{ Brisson. § Ann. de Chim. Ixxil. 69, 
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a reddish-yellow colour, and white within. Smell peculiar. Chap. ¥. 
Taste bitter and acrid. With water it forms a milky solu- ~~ 


tion, and about one-half of it dissolves. Alcohol acts but 
feebly. When distilled. with water or alcohol, these liquids 
acquire the flavour of opoponax, but no oil separates,* . Its 
specific gravity is 1°622.+ 

When distilled it yields a brown oil, acetic acid in which a. 
bituminous oil swims, the residual charcoal escighes 422+) of ithe 
opoponax distilled. When incinerated it left 37, of its weight 
of ashes composed of 


Carbonate ‘or hme ee aig 
ei bE i) MME Bee Nee ELTA TCO CV UR g 2 
Carbonate 


_ Sulphate er potash’. tied Pals 
Muriate * | 


35 


According to the analysis of Pelletier, to whom we are in- 
debted for the preceding distillation, deans is composed 
of the following constituents : 
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Caoutchouc ...... Hi ebihtasa stot, be NPace 
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Volatile ‘oil and loss’;..33.5.5 4 5°9 
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9. Gamboge or Gumgutt.— This substance is obtained from Gamboge. 


the stalagmitis gambogioides, a tree which grows wild in the 
East Indies. In Siam it is obtained in drops by. wounding 
the shoots’; in Ceylon it exudes from wounds in the bark. It 
is brought to Europe in large cakes. Its colour is yellow; it 
is opaque, brittle, and breaks vitreous. It has no smell, and 
yery little taste. - With water it forms a yellow turbid liquid. 
Alcohol dissolves it almost completely ; and when mixed with 
water becomes turbid, unless the solution contain ammonia. 


* Neumann’s Chem. p. 316. t Brisson, 
t~ Ann. de Chim. Ixix. 90. 
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Book v. In that case acids throw down an insoluble yellow precipitate. 
—v—_ It operates, when taken internally, as a most violent cathartic. 


Myrrh. 


Its specific gravity is 1°221.* It appears that it was brought 
to Europe by the Dutch about the middle of the 17th cen- 
tury.t It forms a fine yellow dina and stains hot marble of 
a fine lemon-yellow. { 

Braconnot analyzed it, and found it composed of one part 
of a gum which possessed the properties of cherry tree gum, 
and four parts of a- reddish brittle resin which possessed the 
characteristic properties of the resins. It dissolved in alcohol 
and alkalies, and by nitric acid was converted into a yellowish- 
bitter matter. Chlorine deprived it of its dark colour, and a 
combination took place between it and muriatic acid, in which 
it neutralized that acid. § 

10. Myrrh.—The plant from which this substance is ob- 
tained is unknown. If we believe Bruce it belongs to the genus 
of mimosa. It grows in Abyssinia and Arabia. It is in the 
form of tears. Colour reddish-yellow; when pure somewhat 
transparent, but it is often opaque. Odour peculiar. ‘Taste 
bitter and aromatic. Does not melt when heated, and burns 
with difficulty. With water it forms a yellow opaque solu- 
tion. The solution in alcohol becomes opaque when mixed 
with water, but no precipitate appears. By distillation with 
water it yields an oil heavier than water; but nothing comes 
over with alcohol.|| Its specific gravity is 1:360.** It is 
employed in medicine. Mr. Hatchett found it soluble in 
alkalies. 

_ From the analysis of Braconnot it appears that myrrh is 
composed of about 

23 resin 

77 gum 


wanes 
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‘The resin is reddish, has a bitter taste and the peculiar odour 


of myrrh, The gum, according to Braconnot, differs in its 
properties from every other gummy substance hitherto exa- 
mined. It has a dark-brown colour; is at first soluble in 
water, but by boiling the liquid, or by exposing the gum to 


* Brisson. 
t See the Anatomia Essentiarum Vegetabilium of Angelus Sala, p- 31. 
J} Lewis, Neumann’s Chem. p. 360. § Ann. de Chim, Ixviii. 33. 


fl Lewis, Neumann’s Chem. p. $17. ** Brisson, 
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heat, it acquires cohesive properties, and becomes insoluble chap. 1. 
-in water. When distilled it yields ammonia, and when dis- Pa ane 
‘solved in nitric acid azotic gas is disengaged. It is precipi- 
tated by the salts of lead, mercury, arid tin, and it falls in 
combination with the oxides of these metals.* 

But the result of the examination of myrrh by Pelletier 
differs materially from that of Braconnot. According to him 
| It is composed of 


Resin containing some volatile oil...... 33 
Gum eeeesteceeeeoereeeseeeeseswpsenseeees @ 67 


The resin owed ‘its taste and solubility in water to the 
volatile oil, when deprived of which it became tasteless and 
insoluble in water and infusible at the temperature of 212°. 
The gum possessed the properties of common gum. It was 
soluble in water after the aqueous solution had been evapo- 
rated to dryness. When treated.with nitric acid it yielded 
oxalic acid but no saclactic acid. 
11. Euphorbium—This substance is obtained from the gaphor 
euphorbia officinalis. ‘The milky juice which exudes from that *™™ 
plant, when dried in the sun, constitutes euphorbium. It is 
brought from Africa in small yellow tears. It has no smell, 
and is mostly soluble in alcohol. It specific gravity is 1:124. 
It is considered as poisonous. 

According to the analysis of Braconnot it is composed of 


EOOBMN SA Gris. aha: o at's) tg )bug ia Biel a 07 
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Malate of lime........... 20°5 
Malate of potash ........ 2°0 
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The resin has peculiar properties. It is reddish and trans- 
parent, excessively acrid, and possesses poisonous qualities. It 
is insoluble in alkalies, but soluble in sulphuric and nitric 
acid. ‘These properties show it to bea peculiar vegetable 


* Ann. de Chim, Ixviii, 52. + Ibid. Ixxx. 45. 
} Brisson. . 
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principle. The wax possesses the properties of bees wax. — 


The malate of ‘lime had been mistaken for gum.* 

12. Bdelltum.—This gum resin comes from Arabia, and is 
supposed to be the produce of a species of amyris: though 
nothing certain has been published on that subject. It is in 
yellowish transparent tears. When triturated between the 
teeth it becomes soft. Its taste is somewhat acrid. When 
thrown upon burning coals it becomes soft, and burns like 
a resin. Its specific gravity is 1371.4 Alcohol dissolves 
about three-fifths of its weight of bdellium, the undissolved 
portion is a mixture of gum and cerasin. According to the 
analysis of Pelletier, its constituents are: 


ECOSUT she ote pe Wiecake cas peat soos GO 

CV INS  d'oivic obnis wuesetis otites aanenta cd eel 
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13. Little is known concerning the substance called caranna, 
reckoned among the gum resins. Its specific gravity is 1°124.§ 
The substance extracted from ivy, and known by the name of 
gummi-hedere, is considered at present as a gum resin; but I 
do not know that it has been chemically examined. Its spe- 
cific gravity is 1°294. 

14. From the experiments made upon ipecacuan, the root 
of the cephaelis ipecacuanha, especially by Dr. Irvine, we learn 
that it also contains a gum resin. The same remark applies to 
several other vegetable substances employed in medicine. 

It deserves attention, that the gum resins, when subjected to 
destructive distillation, yield all of them a portion of ammo- 
nia; a proof that they all contain azote. In this respect they 
agree with extractive. 


SEOT. KX Xs 


OF CAOUTCHOUC., 


Axsout the beginning of the 18th century, a substance called: 
caoutchouc was brought as a curiosity from America. It was 
soft, wonderfully elastic, and very combustible. ‘The pieces of 


* Ann. de Chim. Ixviil. 44. r - + Brisson. 
$ Ann. de Chim, Ixxx. 39. § Brisson. 
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it that came to Europe were usually in the shape of bottles, 
birds, &c. This substance is very much used in rubbing out 


_the marks made upon paper by a black lead pencil ; and there-, 


fore in this country it is often called Indian-rubber. Nothing 
was known of its production, except that it was obtained from 
a tree, till the French academicians went to South America in 
1735 to measure a degree of the meridian. M. de la Conda- 
mine sent an account of it to the French Academy in the year 
1736. He told them, that there grew in the province of Es- 
meraldas, in Brazil, a tree, called by the natives Hhevé ; that 
from this tree there flowed a milky juice, which, when inspis- 
sated, was caoutchouc. Don Pedro Maldonado, who accom- 
panied the French academicians, found the same tree on the 
banks of the Maragnon; but he died soon after, and his pa- 
pers were never published. Mr. Fresnau, after a very labo- 
rious search, discovered the same tree in Cayenne. His ac- 
count of it was read to the French Academy in 1751.* 

It is now known that there are at least two trees in South 
America from which caoutchouc may be obtained; the hevea 
caoutchouc, and the jatropha elastica; and it is exceedingly 
probable that it is extracted also from other species of hevea 
and jatropha. Several trees likewise which grow in the East 
Indies yield caoutchouc; the principal of these are, the ficus 
indica, the artocarpus integrifolia, and the urceola elastica; a 
plant discovered by Mr. Howison, and first described and 
named by Dr. Roxburgh.t Dr. Benjamin Smith Barton is 
said to have obtained it from the juice of the smilax caduca, 
which grows abundantly in the neighbourhood of Philadel- 
_phia.t Mr. Woodcock found it in the milky juice of the as- 
clepias vincetoxicum.§ 

When any of these plants is punctured, there exudes from 
it a milky juice, which, when exposed to the air, gradually lets 
fall a concrete substance, which is caoutchouc. 3 

If chlorine be poured into the milky juice, the caoutchouc 
precipitates immediately, and at the same time the acid loses 
its peculiar odour. This renders it probable that the forma- 
tion of the caoutchouc is owing to its basis absorbing oxygen. || 
If the milky juice be confined in a glass vessel containing 


* Mem. Par. 1751, p. 319. 

+ Asiatic Researches, v. 167. London Edition. 

t Phil. Mag. xl. 66. § Ibid. 125. 
| Fourceroy, Ann, de Chim. xi, 259. 
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common air, it gradually absorbs oxygen, = a pellicle of ca~_ 


outchouc appears on its surface.* 
Caoutchouc was no sooner known than it drew the atten- 
tion of philosophers. Its singular properties promised that 


it would be exceedingly useful in the arts, provided any me-. 


thod could be fallen upon to mould it into the various instru- 
ments for which it seemed particularly adapted. Messrs. de 
la Condamine and Fresnau had mentioned some of its pro- 
perties ; but Macquer was the first person who undertook to 
examine it with attention. His experiments were published 
in the Memoirs of the French Academy for the year 1768. 
They threw a good deal of light on the subject; but Macquer 
fell into some mistakes, which were pointed out by Mr. Ber- 
niard, who published an admirable paper on caoutchouc in the 
17th volume of the Journal de Physique. To this paper we 
are indebted for the greater number of facts at present known 
respecting caoutchouc. Mr. Grossart and Mr. Fourcroy 
having likewise added considerably to our knowledge of this 


singular substance; both of their treatises have been published 


in the 11th volume of the Annales de Chimie. 

‘Caoutchouc, when pure, is of a white colour,t and without 
either taste or smell. The blackish colour of the caoutchouc 
of commerce is owing to the method employed in drying it 
after it has been spread upon moulds. The usual way is to 


spread a thin coat of the milky juice upon the mould, and then. 


to dry it by exposing it to smoke; afterwards another coat is 
spread on, which is dried in the same way. ‘hus the caout- 
chouc of commerce consists of numerous layers of pure caout- 
chouc alternating with as many layers of soot. 

Caoutchouc is soft and pliable like leather. It is exceed- 
ingly elastic and adhesive; so that it may be forcibly stretched 
out much beyond its usual length, and instantly recover its 
former bulk when the force is withdrawn. It cannot be broken 
without very considerable force. Its specific gravity is 0°9335.f 

To that acute philosopher Mr. Gough of Kendal, I am 
indebted for some very important experiments on the con- 
nexion between the temperature of caoutchouc and its’ elas- 
ticity. ‘They have been since published in the second volume 


* Fourcroy, Ann. de Chim. xi, 259. 

+ I have some pieces of it from the East-Indies, which had been allowed 
to inspissate in the open air. They are white, with a slight cast of yellow, 
and have very much the appearance and feel of white soap. 

{ Brisson. 
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_ of the Manchester Memoirs, second series. It is necessary to Chap. 1. 


| premise, that Mr. Gough has been blind from an infant, and 
that therefore his sense de touch is peculiarly delicate ; so much 


so, that he is an excellent botanist, and can distinguish plants _ 


with the utmost certainty by the feel: a power so extraordi- 
nary, that we who enjoy the advantage of sight can scarcely 


conceive how it can be acquired. Mr. Gough’s experiments | 


are as follows : 

Take a thong of this substance two or three inches long, and 
a few lines in breadth and thickness ; put it in warm water till 
it becomes quite pliant: then, holding it merely exténded be- 
tween the two hands, bring the edge of it in contact with the 
lips, and observe the temperature (of the variations of which 
that part of the face is a very nice judge); then remove the 
thong a few lines from the lips, and stretch it forcibly, and 
bring it again in contact with the lips, and a very sensible in- 
crease of temperature willbe perceived. Allow it to relax to 
its former state, and the temperature will be perceived imme- 
diately to sink. If we stretch the thong again, and then 
plunge it immediately into cold water, keeping it extended for 
a minute or more in the liquid, on letting go one end it will be 
found to have lost much of its contractile power; for it will 


not return to its former dimensions. But if we plunge it into 


warm water, or warm it by holding it for some time in the 
shut hand, it will begin to contract again, and soon return to 


its former figure and size. ‘These experiments are of great. 


importance, as they furnish a very palpable and convincing 
proof that ductility is owing to latent heat as well as fluidity. 
They afford a fine illustration of Dr. Biack’s theory of latent 
heat. We see clearly that the elasticity of caoutchouc and 
the ductility of metals are different cases of one and the same 
thing. 

Caoutchouc is not altered by exposure to the air; it is per- 
_ fectly insoluble in water: but if boiled for some time its edges 
become somewhat transparent, owing undoubtedly to the water 
carrying off the soot; and so soft, that when two of them are 
pressed and kept together for some time, they adhere as closely 
as if they formed one piece. By this contrivance pieces of 
caoutchouc may be soldered together, and thus made to as- 

sume whatever shape we please.* 


* Grossart, Ann. de Chim. xi. 153. See a method of making caoutchouc 
tubes by means of this property, Phil. Mag. xxii. 340. 
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Caoutchouc i is insoluble in alcohol. This property was dis- 
covered very ear! y, and fully confirmed by the experiments of — 


Mr. Macquer. ‘The alcohol, however, renders it colourless. 
Caoutchouc is soluble in ether. This property was first 

pointed out by Macquer. Berniard, on the contrary, found 

that caoutchouc was scarcely soluble at all in sulphuric ether, 


which was the ether used by Macquer, and that even nitric 


ether was but an imperfect solvent. The difference in the re- 
sults of these two chemists was very singular; both were re- 
markable for their accuracy, and both were too well acquainted 
with the subject to be easily misled. ‘The matter was first 


cleared up by Mr. Cavallo. He found that ether, when newly — 


prepared, seldom or never dissolved caoutchouc completely ; 


but if the precaution was taken to wash the ether previously — 


in water, it afterwards dissolved caoutchouc with facility. Mr. 
Grossart tried this experiment, and found it accurate.* It is 
evident from this that these chemists had employed ether in 
different states. “he washing of ether has two effects. It de- 
prives it of a little alcohol with which it is often impregnated, 
and it adds to it about one-tenth of water, which remains com- 
bined with it. Alcohol precipitates the caoutchouc from this 
solution. . 

When the ether is evaporated, the caoutchouc is obtained 
unaltered. Caoutchouc, therefore, dissolved in ether, may be 
employed to make instruments of different kinds, just as the 
milky juice of the hevea; but this method would be a great 
deal too expensive for common use. 

Caoutchouc is soluble in volatile oils;+ but, in general, 
when these oils are evaporated, it remains somewhat glutinous, 


and therefore is scarcely proper for those uses to which, before 


its solution, it was so admirably adapted. 

It is said by Berniard to be insoluble in alkalies ; but I find 
upon trial that this is a mistake. I was led to make the expe- 
riment by an accident. I employed a caoutchouc bottle fitted 
with a stop-cock in the usual way for holding ammoniacal gas. 
The gas very soon disappeared, though the bottle was per- 


fectly air-tight, as I learned by plunging it in water. This in- | 


duced me to fill it repeatedly with gas. In a short time it be- 
came evident that the gas had been absorbed by the bottle it- 


self. It became soft and then glutinous, and never recovered — 


its elasticity. I then tried the alkalies in general, and found 


* Grossart, Ann. de Chim, xi. 147. + Berniard. 
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: that. they’ were all capable of producing the same changes on Chap. I. 
_ caoutchouc, and even of dissolving it, though in a very minute 
| proportion. 
The acids act but feebly upon caoutchouc. Sulphuric acid, acias. 
even after a very long digestion, only chars it superficially. 
The proportion of charcoal obtained in Mr. Hatchett’s expe- 
riments was only 12 per cent. and he could observe no traces 
of artificial tannin.* But when heat is applied the caoutchouc 
is completely decomposed. When treated with nitric acid, 
there came over azotic gas, carbonic acid gas, prussic acid gas ; 
and oxalic acid is said to be formed.}+ Muriatic acid Ages not 
affect it.t . The other acids have not been tried. 

Fabroni has discovered that rectified petroleum dissolves it, Heat, 
and leaves it unaltered when evaporated. § 

When exposed to heat it readily melts ; but it never after- 
wards recovers its properties, but continues always of the con- 
sistence of tar. It burns very readily with a bright flame, and 
diffuses a fetid odour. In those countries where it is produced, 
it is often used by way of candle. 

Fourcroy assures us|| that caoutchouc when distilled gives 
out ammonia. I have not tried this experiment. But I have 
strong reasons for considering it as inaccurate. I passed a 
grain of caoutchouc through a copper tube filled with red hot 
peroxide of copper. I obtained 4°69 cubic inches of carbonic 
acid gas, and 0°8 grains of water, and nothing else. Hence 
there seems no reason to consider azote as a constituent of ca- 

- outchouc. ‘The carbon in 4°69 cubic inches of carbonic acid 
gas weighs 
0°593 gr. 
The hydrogen in 0°8 gr. water = 0°089 


0°682 
Deficiency « ..%..-+'.« 07318 


1°000 


This deficiency must be owing to the presence of oxygen in 
the caoutchouc. Now if these three ingredients be conceived 
to exist in the gaseous state their volumes will be as follows: 


* Third Series of Experiments on Artificial Tannin, Phil. Trans. 1806. 
+ Ann. de Chim. xi. 232. { Berniard. 

§ Ann. de Chim. xi. 195; and xii. 156. | 

H Ann. de Chim. xi, 232. 
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This is equivalent to 


10 Atoms Carbon °C. Ons eee ee 
9 atoms hydrogen’ ...... =) 1125 

4 atoms Oxygen .....-.. = 40 
12°625 


Caoutchouc seems to exist in a great variety of plants; but 
it is usually confounded with the other ingredients. It may 
be separated from resins by means of alcohol. It may be ex- 
tracted from the different species of missletoe by water, with — 
which, in the fluid state in which it exists in these plants, it 
readily combines. When mixed with gum or extractive, it 
may be separated by the following process: Digest a part of © 
the plant containing it first in water and then in alcohol, till 
all the substances scluhies in these liquids are extracted. Dry 
the residuum, and digest it in five times its weight of rectified 


petroleum. Express the liquid part by squeezing the sub- 


stances in a linen cloth. Let this liquid remain several days to 
settle, then decant off the clear liquid part, mix it with a third 
part of water and distil; the caoutchouc remains behind.* . 
According to Bucholz, opium contains a considerable por- 
tion of caoutchouc.+ That part of mastich which is insoluble 
in alcohol possesses the properties of caoutchouc, as has been | 
formerly observed. 
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Corron is a soft down which envelopes the seeds of various 
plants, especially the different species of gossypium, from which 
the cotton of commerce is procured. These plants are natives 
of warm climates; grow wild in Asia, Africa, and America, 
within the tropics; and are cultivated in the East and West 
Indies. The finest cotton, according to Mr. Edwards, is dis- 
tinguished by the name of green seed cotton, from the colour — 


* Hermbstadt, Med. and Phys. Jour. iii. ‘372. 
+ Ann, de Chim. xxxiv. 133. 
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of its seeds,* and ts perhaps the produce of the gossypium hir- 
sutum. ‘There are two species of it; in one of which the cot- 
ton does not easily part from the seeds. But the cotton plant 
commonly cultivated is a shrub, of which Mr. Edwards enu- 
merates five kinds; namely, the common Jamaica, the brown 
bearded, the nankeen, the French (gossypium arboreum,) and the 
kidney cotton. When the seeds are ripe, the pods open and 
display the cotton, which is collected and separated from the 
seeds by means of rollers. 

Cotton, when spun and woven into cloth, furnishes gar- 
ments to a very considerable portion of the civilized, world. 
The quantity annually brought into this country, and spun 
by machinery, is not less than 20 millions of pounds; and 
the number of individuals employed in manufacturing it can- 
not be less than 700,000. It constitutes therefore one of the 
‘most important of our manufactures. 

Though no correct chemical investigation of the properties 
of cotton has hitherto been made, yet as its obvious qualities 
distinguish it sufficiently from every other vegetable sub- 
stance, we must consider it as a peculiar vegetable principle; 
and I have introduced it here, in hopes that some person or 
other will be induced to examine its nature in detail. The 
following are the particulars at present known. | 


This substance is in threads differing in length and in Properties, 


fineness. No asperities can be discovered on the surface of 
these threads; but if Lewenhoeck’s microscopical observations. 
are to be trusted, they are all triangular, and have three sharp 
edges. Cotton differs considerably in colour; but when 
bleached it becomes of a fine white. 

Cotton is tasteless and destitute of smell. It is completely 
insoluble in water, alcohol, ether, and oils, and in all the 
vegetable acids. 

The diluted alkaline leys have no perceptible action on 
cotton; but when very strong they dissolve it if assisted by a 
sufficient degree of heat. ‘The new products obtained by this 
solution have not been examined. 

Cotton has a strong affinity for some of the earths, espe- 
cially for alumina. Hence this substance is used to fix co- 


* History of the West Indies, ii. 264. 
+ Perhaps the first species are only varieties of the gossypium herba- 
eeum. 
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Book 1V. lours on cotton. The cloth is steeped in a solution of alum 
or acetate of alumina, and afterwards dyed. 
| Several of the metallic oxides also combine with it readily, 
| and remain united with much obstinacy. Oxide of iron is 
one of the most remarkable. When cotton is dipped into a 
| solution of iron in an acid, it comes out yellow, and the iron 
is neither separated by alkalies nor soap, nor even by acids, 
unless when the combination is quite recent. ‘The colour 
gradually deepens by exposure to the air, owing no doubt to 
the oxidizement of the iron, unless the cloth be steeped i in an 
aluminous solution, which prevents the colour from becoming 
disagreeable, probably by diluting it.* Oxide of tin also 
combines with cotton, and is frequently used as a mordant. 
Cotton combines readily with tannin, and forms a yellow 
| or brown compound. Hence the infusion of galls, and of 
| - other astringent substances, is often used as a mordant for 
| cotton. 
Nitric acid decomposes cotton when assisted with heat, and 
oxalic acid is formed; the other products have not been ex- 
| amined. Sulphuric acid likewise chars it. Chlorine gas 
| bleaches it, and probably alters and dissolves it when applied 
| in a concentrated state. 
| Cotton is extremely combustible, and bie with a clear 
lively flame. ‘The ashes left behind, according to Neumann, 
contain some potash. When distilled it yields a great por- 
tion of acidulous water, and a small quantity of oil, but no 
ammonia.t » 


SECT. XXXII. 
OF SUBER. ‘ 


Tus name has been introduced into chemistry by Four- 
croy, to denote the outer bark of the guercus suber, or the 
common cork; a substance which possesses properties dif- 
ferent from all other vegetable bodies. 

It is exceedingly light, soft, and elastic; very combustible, 
burning with a bright white flame, and oe a light black 
bulky charcoal; and when distilled it yields a little ammonia. 

Chevreul has subjected cork to an elaborate analysis, which 


* See Chaptal, Ann. de Chim. xxvi. 266, 
+ Neumann’s Chem. p. 430. 
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however, has not led to any consequences of much import- Chap.t. 


ance. He treated it with water in his silver digester, till 
that liquid was capable of taking up nothing more. — He ob- 
tained an aromatic principle, i a little acetic acid, which 
passed over into the receiver; the extract formed by the water 
contained two colouring matters, the one yellow, the other 
red; an acid, the nature of which was not determined, gallic 
acid, an astringent substance; a substance containing azote; 
a substance soluble in water and insoluble in alcohol; gallate 
of iron; lime and traces of magnesia. ‘Twenty parts of cork 
thus treated left 17°15 parts of insoluble matter. 

The undissolved residue being treated a sufficient number 
of times with alcohol in the same apparatus, yielded resin, oil, 
and a substance which Chevreul distinguished by the name of 
cerin ; but as this name has been already applied by John, to 
another substance, perhaps it would be requisite to give to 
this new principle of Chevreul, the name of suberin.* 

Twenty parts of cork, when thus freated, are reduced to 14 
parts. This residue consists of suber, but probably not in a 
state of absolute purity.t 


The properties of suber have not yet been accurately deter= Propertias. 


mined, owing to the difficulty of obtaining it in a state of pu- 
rity. Sulphuric acid readily chars it. Nitric acid gives it a 
yellow colour, corrodes, dissolves, and Fel it; con- 

verting it partly into suberic acid, partly into a substance re- 
sembling wax, partly into artificial tannin; and partly into a 
kind of starchy matter. 

Fourcroy supposes, from some experiments which he does 
not relate, that the epidermis of all trees is a substance pos- 
sessed of the same properties with cork; and perhaps we may 
conclude from the experiments of Link, that all vegetable 
membrane possesses nearly the same chemical characters. 
At least it agrees with cork in furnishing suberic acid when 
treated. with nitric acid.§ 


* The characters of this substance have been given in the 22d section of 
this chapter, while treating of wax. 

+ Ann. de Chim. ii. 141. 

t Bouillon La Grange, Ann. de Chim, xxiii. 50. 

§ Nicholson’s Jour. xxiii. 155. 
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SECT, XX XIII. 
OF MEDULLIN. 


Tuis is a name given by Dr. John to the pith of the sun- 
flower (helianthus annuus,) the syringa vulgaris, &c. 

According to him it is distinguished by the following pro- 
perties : 

1. It is insoluble in water, ether, alcohol, and oils. 

2. It is destitute of taste and smell. 

3. Its structure is peculiar, being full of pores. 

4. It is soluble in nitric acid; but instead of forming sube- 
ric acid, as is the case with suber, it furnishes a quantity of 
oxalic acid. 

5. When distilled it furnishes a considerable quantity of 
ammonia, and leaves a charcoal having a metallic appearance 
and a colour similar to that of bronze.* 


SECT. XXXIV. 
OF WOOD, OR LIGNIN. 


ALt trees, and most other plants, contain a particular sub- 
stance, well known by the name of wood. Ifa piece of wood 
be well dried, and digested, first in a sufficient quantity of 
water and then of alcohol, to extract from it all the sub- 
stances soluble in these liquids, there remains only behind the 


woody fibre. 


This substance, which constitutes the basis of wood, is _ 


composed of longitudinal fibres, easily subdivided into a num- 


ber of smaller fibres. It 1s somewhat transparent; is per-_ 


fectly tasteless; has no smell; and is not altered by exposure 
to the atmosphere. 


It is insoluble in water and in SE STAE The fixed alkalies, 


when assisted by heat, give it a deep brown colour, render it 
soft, and decompose it. A weak alkaline solution dissolves it 
without alteration; and it may be thrown down again by 
means of an acid. By this property we are enabled to sepa- 
rate wood from most of the other vegetable principles, as few 
of them are soluble in weak alkaline leys. 

When heated, it blackens without melting or frothing up, 
and. exhales a disagreeable acrid fume, and leaves a charcoal 
which retains exactly the form of the original mass. When 


* John’s Chemische Tabellen der Pflanzen Analysen, p. 9. 
, 2 
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distilled in a retort, it yields an acid liquor of a peculiar taste | Chap. 1. 
and smell, distinguished by the name of pyrolignous, and 
formerly considered as a distinct acid; but Fourcroy and 
Vauquelin ascertained that it is merely the acetic acid com- 
bined with an empyreumatic oil.* 

By nitric acid Fourcroy converted the residuum of quin- of nitrie 
quina, which does not seem to differ from the woody fibre, ges 
into oxalic acid; at the same time there was a little citric acid 
formed, and a very small quantity of malic and acetic acids. 
Some azotic gas also was disengaged. 

By this process he obtained from 100 parts of woody fibre 

Owaliosacid) sid sa wsis Al 3). cei 661250 
GQrtwte aend iss iiins We eailiald hs) 49 4DOR 
Malic atic. siitecacids Jad h(O°SB8 
PCEHE ACID. 50's oe e's wav cas  O'486 
PIZOLIC BAS 96. Sap ae o's ghia BBY 
Carbonate of lime.......... 8.330 


70°226 
FR GEICTANITD acinus Sub secs abc cid ahaa eas 32°031 


102°257 
. There was likewise a quantity of carbonic acid gas disen- 
gaged, the weight of which was unknown. ‘This increase of 
weight in the product was evidently owing to the oxygen de- 
rived from the nitric acid.+ 
_ When this residuum was distilled in a retort, 100 parts 
yielded the following products: 
26'620 of a yellow liquid, containing alcohol, and an acid 
which had the smell of pyromucous. 
6:977 of concrete oil, mostly soluble in alcohol. 


22'995 charcoal : hin the retort. 
3°567 carbonate of lime 


60°159 3 
39°841 gas, half-carbonic acid, half-carburetted hydrogen, 


100-000 


# Mollerat has succeeded in France in making acetic acid from wood as 
pure as radical vinegar. It answers very well for aromatic vinegar, but 
possesses a little acrimony, which makes it less fit for the table. See 
Nicholson’s Jour. xxiv. 70. Very good vinegar from wood is now made 
both in London and Glasgow. Animal charcoal is probably employed to 
remove the empyreumatic oil. 

- + Ann. de Chim, viii. 153. t Ibid. 151. 
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Several analyses of pure woody fibre were made by Gay- 
Lussac and Thenard, by burning it along with chlorate of 
potash and ascertaining the products. The result of their ex- 
periments gives its constituents as follows: 

Oak. Beech. - Mean, 
Oxygeniiie vet, SULTS es GAT SA. 6, 542425 
Carbon 'o!00 £015 2258) 0). BL 464 ae 52°00 
EHydrogen’. 240) 66D Fe, Bit G82, FB 7b 


re eee ‘ ama 


100°00 100:00 100:00* 


As we are unacquainted with the weight of an ingredient 
particle of woody fibre, it is impossible from this analysis to _ 
deduce the number of atoms of which it is composed. But 
the smallest number that corresponds with the analysis is the 
following : 

4 atoms oxygen = 4°00 ..2-..2.. 41°02 
7 atoms’ Carbon) *'s ==) «5°25 WS OP 68°86 
4 atoms hydrogen = 0°5 ......., 5°12 


9°75 100°00 

Were these numbers the representation of the true consti- 
tution of wood, it would follow that it might yield more than 
half its weight of acetic acid. For if we suppose it deprived 
of 1 atom water and 3 atoms carbon, the residue would be 
acetic acid. 

When wood is burnt with a smothered flame, it leaves, as is 
well known, a quantity of charcoal behind it, which exhibits 
the exact form, and even the different layers of the original 
wood. As it is the wood alone which undergoes this change, 
while other component parts of the plant are dissipated, we 
may form some notion of the relative proportion of wood 
which different plants contain, by the proportion of charcoal 
which they yield. Now, the quantity of charcoal yielded by 
1:00 of different trees is, according to the experiments of 
Proust, as follows: | : 

Black ash ..... 0°25 Heart of oak .. 0°19 


Guaiacum.... 0°24 Wild ash ..... 0°17 
PING) it) suena caeh Chee aide White ash .... 0°17 


Green oak .... 0°20 
Count Rumford, by continuing a very moderate fire for 96 
hours, converted different kinds of wood into charcoal, and 


* Recherches Physico-chimiques, ii. 294. 
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obtained a much greater proportion of charcoal than was ob- Chap. 1 


tained in the preceding experiments of Proust. The follow- 
ing table exhibits the weight of charcoal left in these experi- 
ments by 1°00 of the different woods tried.* 


Poplar. sss. O'4357 Maple ..... , 0'4293 
Lime.......+ 0°4359 Elm. .vse' es es 04827 
Fir @®@eeaeervxeses 0°4418 : Oak @s@0600808 ® 0°4300 


Braconnot has made some experiments on lignin, which 
serve still farther to extend our knowledge of it. 

When the dried sawings of hornbeam are mixed and agi- 
tated with sulphuric acid, considerable heat is evolved, ota 
phurous acid is disengaged, and the whole becomes black. 
When mixed with water a black powder falls, which burns 
with flame and possesses nearly the characters of sawings of 
hornbeam exposed to the air and moisture for several. years. 
The sulphurous liquor is nearly colourless, and being satu- 
rated with carbonate of lime and filtered, it yields by evapo- 
ration a gum possessing many characters in common with 
gum arabic.—Hemp cloth dissolves in sulphuric acid in the 
same way, but without the evolution of sulphurous acid, and 
is wholly converted into the same kind of gum. 

This gum is transparent, yellowish, without smell or taste, 
and breaks with a vitreous fracture. It reddens vegetable 
blues, adheres strongly to bodies, and forms a very shining 
varnish. Its solution in water has less tenacity than that of 
gum arabic. When heated sufficiently it burns, giving out a 
strong odour of sulphurous acid. Its solution in water is not 
precipitated by nitrate of barytes, nor by acetate of lead. 
But subtritacetate of lead throws down a copious precipitate 
which is totally dissolved by acetic acid. 

If this gum be boiled for some time in dilute sulphuric acid 
it is converted into two new principles; namely, sugar, and an 
acid which Braconnot has called vegeto-sulphuric acid. The 

sugar possesses the properties of starch sugar. The vegeto- 
sulphutic acid forms soluble salts with alli bases, and none of 
them seems capable of crystallizing. 

When equal weights of caustic potash and sawings of wood 
are heated in a htt ce or iron crucible, stirring che mixture 
constantly at a certain temperature, it dorens and dissolves 
completely, swelling up greatly at the same time. If it be 


* Gilbert’s Annalen der Physick, xlv. 25, 
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Book 1v. now taken from the fire and water poured upon it, the whole 
v— dissolves with the greatest facility, and we obtain a dark- 


brown liquid, consisting of a combination of potash and ulmin 
dissolved in water. If an acid be dropped into this liquid, 
the ulmin falls down in great abundance, and requires only to 
be washed and dried. 

Artificial ulmin thus prepared has a brilliant black colour 
like jet. It is very brittle and easily broken into angular frag- 
ments. It has no smell and little taste. In this state it is in- 
soluble in water; but when just precipitated and still moist, 


water dissolves ~1,,th of its weight of it. Nitrate of silver, 


. persulphate of iron, nitrate of barytes, acetate of alumina, 


Properties, 


é 


Action of 
allcalies, 


muriate of lime, muriate of soda, throw down brown preci- 
pitates from it; but they do not appear till some time after 
the reagents have been added. Lime and litharge deprive 
the water entirely of itscolour. It is soluble in concentrated 
sulphuric acid, and precipitated by water. Alcohol dissolves 
it with facility and forms a dark-brown liquid which is pre- 
cipitated by water.* 


SECT. XXXYV. 


OF FUNGIN. 


Tuis is a name given by Braconnot to the fleshy part of 
mushrooms, which he considers as a peculiar vegetable prin- 
ciple. It approaches in its chemical characters so closely to 
woody fibre, that perhaps it would be better to consider it 
merely as a variety of that substance. Fungin is the substance 
which remains after the mushroom has been deprived of every 
thing soluble, either in water or alcohol. It is distinguished 
by the following properties : 

It is white, soft, and insipid, possesses but little elasticity, 
and divides easily between the teeth. In this state it consti- 
tutes a nourishing article of food. 

It is insoluble in water, alcohol, ether, and oils. 

Alkalies have but little action on fungin ; a property which 
distinguishes it from woody fibre, which is very readily dis- 
solved even by a weak alkaline ley. Yet. when boiled in a 
concentrated alkaline ley fungin is partly dissolved, and a 
saponaceous liquid is obtained from which the acids throw 
down a flocky matter. 


* Annals of Philosophy, xvi. 92. 


FUNGIN. 


Ammonia dissolves a little of it when digested over fungin, 
and on exposure to the air allows. it to precipitate again in 
the state of white flocks. 

Diluted sulphuric acid has no action on it; but concen- 
trated sulphuric acid chars it, while acetic and sulphurous acid 
are evolved. 

Muriatic acid, at first, seems to have no action on it, even 
though assisted by heat; but it gradually dissolves it and con- 
verts. it into a gelatinous matter soluble in water. Potash 
dropped into the solution throws down the fungin, probably 
altered in its properties. 

Chlorine gas converts it into a yellow matter which has an 
acrid taste while wet, but which it loses when dried. This 
yellow substance is a compound of fungin, muriatic acid, and 
a kind of adiporesinous matter. 

Weak nitric acid disengages azote from it. When dis- 
tilled with six times its weight of nitric acid it becomes yellow, 
swells considerably, and effervesces at first very much; but 
the violent action soon subsides. Prussic acid is formed by 
this process, together with a considerable quantity of oxalic 
acid, two fatty bodies resembling tallow and wax and a small 
quantity of yellow-bitter principle, and a sehow resinous look- 
ing substance. 

When put into infusion of dint galts it absorbs the greatest 
part of the tannin contained in that liquid, and acquires a 
fawn-colour. 

When mixed with water and left to spontaneous putrefac- 
tion it emits, at first, the smell of putrid cheese; but this smell 
soon goes off. The liquid covering it, after an interval of 
three months, was neither acid nor alkaline; but held in so- 
lution a mucilaginous matter. The fungin still retained its 
original shape. When washed it is easily reduced to a pulp, 
which may be kneaded between the fingers; but has not the 
elastic consistence of gluten. 

Fungin when dry burns with vivacity, and leaves a white 
ash consisting chiefly of phosphate of lime. 

Thirty-eight parts being distilled yielded 8 parts of a 
brown empyreumatic oil, and 11+ parts of a liquid contain- 
ing an excess of ammonia and holding in solution acetate of 
ammonia mixed with oil, ‘The charcoal in the retort weighed 
10 parts.* When fungin was distilled by Vauquelin, the 


* Braconnot, Ann. de Chim. Ixxix. 267. 
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liquid which he obtained contained ammonia ; but it reddened 
vegetable blues, and therefore contained an excess of acetic 
acid, as is the case with the liquid obtained from the distilla- 
ation of wood,* } 


SECT. XXXVI. 
FOREIGN SUBSTANCES FOUND IN PLANTS. 


THESE are substances which seem rather to belong to the 
mineral than the vegetable kingdom: but which require to be 
enumerated because they constantly make their appearance, 


though but in small quantity, chiefly in the vegetable juices. 


These substances may be arranged under four heads; namely, 
acids, alkalies, earths, and metals. 


]. ACIDS. 


The mineral acids found in plants are usually combined 
with a base constituting different salts. They are the phos- 
phoric, silica, sulphuric, nitric, muriatic, and carbonic acids. 

i. Phosphoric acid has been found in different plants, but 
only in very small quantities: it is almost constantly com- 
bined with lime or potash, though it exists free in the onion. 
Meyer found it in the leaves of many trees; Thuren found 


phosphate of lime in the aconitus napellus; { and Bergman. ~ 


found it in all kinds of grain.§ Phosphate of potash exists in - 


barley and other species of corn, and has, I presume, been 
often confounded with phosphate of lime. 

2. Silica exists in many plants, particularly in grasses and 
equisetums. Sir H. Davy has ascertained that it forms a part 
of the epidermis, or outermost bark of these plants; and that 
in some of them almost the whole epidermis in silica. 


Parts ssi 
100 parts of the epid. of bonnet cane yielded .. 
DAUINCOY cuisines tees sk 
(arundo phragm.) common reed ........ 48°1 
stalks of corn......... , 6°5 


The concretions which are sometimes found in the bamboo 


* Ann. de Chim. Ixxxv. 12. 

+ Encyc: Meth. Phisiol. Veget. i. 100, 
t+ Ann. de Chim. i. 308, 

§ Bergman, v. 96, 
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cane called tabasheer, have been ascertained by Mr. Macie to chap.1. 


be composed of pure silica.* 

Any attempt to enumerate the plants in which traces of 
sulphuric, muriatic, nitric, and carbonic acids have been found 
would be superfluous. It may be sufficient to say that com- 
mon ‘salt is an ingredient in almost all plants that grow in the 
sea, and in many that vegetate on the sea-shore; that nitre 
exists in sun-flower, nitrate of soda in barley, and sulphate 
of lime in clover. 

Il, ALKALIES. 


The only alkalies found in plants are potash and soda. 
Ammonia may indeed be obtained by distilling many vege- 
table substances, but it is produced during the operation. One 
or other of these alkalies is found in every plant which has 
hitherto been examined. The quantity indeed is usually very 
small. From thé experiments of Vauquelin, it is probable 
that the alkalies are combined in plants with acetic and car- 
bonic acids. | 


1. Potash is found in almost all plants which grow at a dis- Pota h, 


tance from the sea. It may be extracted by burning the ve- 
getable, washing the ashes in water, filtrating the water, and 
evaporating it to dryness. It is in this manner that all the 
potash of commerce is procured. 
_ Dr. Peschier of Geneva has pointed out an ingenious 
method of detecting this alkali in the juices of plants without 
subjecting them to combustion. He agitates the liquid for 
‘some time with a quantity of magnesia. The acid previously 
combined with the potash (usually carbonic, oxalic or tartaric) 
forms an insoluble compound with the magnesia, while the 
potash thus set at liberty remains m solution in the liquid, 
and may be detected by its properties.+ 

The following table exhibits the quantity of ashes and pot- 
ash which may be extracted from 100 parts of various plants: 


Ashes. Potash, 


PANO Wilvialetere dee e yeh ao Fue con L 
TO ope eto e's) eek bt PE GORRT rele pO O9.G 


* Fourcroy and Vauquelin examined a tabasheer from the Andes, and 
found it composed of 70 silica and 30 potash, Gehlen’s Jour. Second 
Series, ii. 112. 

+ Annals of Philosophy, xii. 336. 

{ Those marked § are from Kirwan, Irish Trans. v. 164. The rest from 
Pertuis, Ann. de Chim. xix. 178. The following table by Redi, of the 
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Stalks of turkey wheat 8°86 oe 


Poplar oo eo see VQSRIGS Weer O 07483 
Hornbeam ........ 191283 -.... O°1254 
Beech ......0..0-6 0°58432 .... 0714572 
Bat 8 AAR OBA SS oS aN 
Vine branches...... 3°379  .... 0°55§ 
Common nettle ....10°67186 .... 2°5033 
Common thistle .... 4°04265 .... 0°53734 
Bern oes Ok a ROOTS eins eee 
Cow thistle ........10°5 np 
Great river rush .... 3°85395 .... O°'72234 
Feathered rush ..... 4°33593 .... 0°50811 


el 


1°96603 


1°75 § 


Wormwood .. 2.0.6 9°744 say 7°83 
PI CORY tla oh ates opepel equa, LDS 
Trifolium pratense... —— .... 0°078§ 


Vetches eeevpever ae eh TE e@ees 2°75§ 


Beans with their stalks 


wave 20 § 


ashes and salts yielded by different plants, is worth inserting. It is printed 


in the Phil. Trans. for 1698 (vol. xx. p. 281.) 


Pounds. Vegetables. 
100 Of dried flowers of oranges ....... peidicie't aahe 
800 Of gourds new gathered, which dried in the 
oven were, SGlbs. chic. 9 5 asic plein depie's 


400 Red onions (being 720) roasted, the coals 
turned to 16 lbs. to the coals new added 
Haz Orsulpnur. Moe vawe eek veces een 
150 Eyebright fresh, and afterwards stilled and 


120 Distilled roses ......ccccecees Pee Pima i 
AGO OF tare euiain s/s eee od sees aes kceale 
150 Roots of black hellebore, which dried came 
LOO aUas ass Cae cease seat wes ene tre 

150 Roots of white hellebore, fresh, which dried 
Came MMOS clot eee era Aue i ae 

96 Roots dried and burnt of fresh esula ........ 
SO Roots OO UuOnCe (ois eee a saeeasjes seas vei 
0 Pellitany ties aaeectacas seen Gi meens pense «> 
400 Green endiyercs wena civic eke ce Cobvoldamavee ns 


taken 13200. eee Miu ide de die tert ts 6s 
2400 Cucumbers....... Pusat Ry 030. escalate mma’: 


eccoapoo 


Ashes. Salts. 
Ibs. oz df. oz. dr. 
A, 6 0 ee 0) 5 
4, r§) 0) eeeo 10 Q 
46-278 R 
$101.0 4 0 
4 01 0 O 
9 0 O a e 0 4 
6 0 0 VB. O 
Dey Oar sa pe 
8-6 ..0. Q 
2. OF Grae 1 
2: *..0) 2Gh; 0) 

Bs Gi POe aed Q 
1 Orne, Q 
38!) Oeray, O 
6° O07: Oui 20 
QB! O) PUTS 9 
18 0 O 9] 
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In general, three times as much ashes are obtained from chap.1. 
shrubs, and five times as much from herbs, as from trees. “~~~? 
Equal weights of the branches of trees produce more ashes 
than the trunk, and the leaves more than the branches. Herbs 
arrived at maturity produce more ashes than at any other 
time. Green vegetables produce more ashes than dry.* 

The salt which is obtained from plants does not consist 
wholly of potash, there are other salts mixed with it; these 
usually are sulphate of potash, muriate of potash, sulphate of 
lime, phosphate of lime, &c.; but these bear, in general, but 
a small proportion to the potash. The ashes consist of pot- 
ash, mixed with earths. 

Some judgment may be formed of the quantity of potash 
which a plant contains, from the quantity of ashes which it 
yields: but the foregoing table is sufficient to show us, that 
were we to trust to that we should often be misled. 

2. Soda is found in almost all the plants which grow in the Soda. 
sea, and in many of those which grow on the shore. In ge- 
neral, the quantity of soda which plants contain bears a much 
greater proportion to their weight than the potash does which 
is found in inland vegetables. One hundred parts of the 
salsola soda, for instance, yield 19:921 of ashes; and these 
contain 1°992 parts of soda; some of which, however, is 
combined with muriatic acid.; ‘The plants.from which the 
greater part of the soda, or barilha as it is called, which is 
imported from Spain, is extracted, are the salsola sativa and 
vermiculata. 


: Ashes. Salts. 

Pounds. Vegetables. Ibs. Oz. dr. oz. dr, 

BUOY DOGO 199 oa, cobs Tat Tee Ha OI URRY | BR OU TOL 0 0 

BDO. SCOTZODETE Cre ois. ees BASE Whole eo ote'elore bn b's 4 AK Ce OO; Oo 0 

300 Pine apples, the nuts taken out ............ 3 0 O.. 0 0 
TOO Murwortdried 06.502 5:5.5.75:65 04> os dae meaner Sr. Oe: 0 O 
130 Leaves of cyprus 6... 2. ccs ce cs oclce cee ene te GeO 108: 0 0 : 

10 Peel of pomegranates dried ...........+00-. 08 0. 0 0 

SO Sasratrase ict, ta wee ATG RS Se SHON IE Oi 0 0 

12 Lignum sanctum ...... Natate' piety’ o's's b's ele atase'ee RT? een Me BO ves) YR 

A YOUNGS W SATIRE, o'5's'''sS'btalalc’s olalyle'slele aig ais and 'e'e O14. 0 0 

A Biack pepper ieee. castes? Geislaeionatgutaleletarele les 0 2 &, 0 0 

GO): CHUIPOD Vick. otal clare tetd sini inlak Suelo ha taiala tare ies e Leg 0 0 

BP Turbith iy ceevicste es c's Fe Ae are: an, atayaie w 'allnie Joie 1°30 70% 0 0 

WGGd: OLE r aria uo cat cabin es alee este 3° 0''0r 3 0 

BCOPR van ees ce peste wet tycense evs 16 0 1, 4 0 

COPE oy 4 save ens siete e's ele. g vid'p ale o\e eteia'sin's oco'vie 16) -Oneths 0 0 


* Ann. de Chim. xix, 174. + Vauquelin, ibid. xviii. 77. 
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INGREDIENTS OF PLANTS. 
III. EARTHS. 


The only earths hitherto found in plants are the three fols — 


—~™~ lowing; lime, magnesia, alumina. 


Lime, 


Magnesia, 


Alumina, 


1. Lime is usually the most abundant of the earths of © 
plants, and the most generally diffused over the vegetable — 
kingdom. Indeed it is a very uncommon thing to find a plant — 
entirely destitute of lime: salsola soda is almost the only one 
in which we know for certain that this earth does not exist.* 

2. Magnesia does not exist so generally in the vegetable © 
kingdom as the preceding earth. It has been found, how- — 
ever, in considerable quantities in several sea plants, espe- 
cially fuci;+ but the salsola soda contains a greater pro- 
portion of magnesia than any plant hitherto examined. Mr. 
Vauquelin found that 100 parts of it contained 17-929 of that 
earth. { 

g. Alumina has only been found in very small quantities in 
plants. 3 

The following table will show the quantity of these four 
earths which exist in several vegetables. 


100 parts of Oak contain of earths ...... 1:03§ 
BRGCCH Te proc: ta Sete’ oh ate rete eis; Gk Anat 
Btw tet, bis ceises bods OBS 
Turkey eet GE Cy FT 
Sunflower: Woes oy. aad Saat 
Vine branches .......0.000 2°85) 


i ate: mPa oi Re Se valet he omen 
VV LLL Wisse det dd aie fn’ cie-n.0 vee Ree een 
BT nla tn Gp lillaceias siaee iss) < ana 

ASD «55 slo hana aiaiptinng sha 9 2 pO 
Berne cso (ae Cae Oe Phe SAA ey 
Wormwood........ pts re DEA 
Fumitory Datt gate ts Wf ~ 14°000F 


This table shows us that the quantity of earth is greater in 
herbs than in trees. 

Bergmann found all the four earths in every kind of oTain 
which he analysed. {f 


* Vauquelin, Ann, de Chim. xviii. 76. 


+ Ibid. 86, and ix. 94. { Ibid. p. 78. 
§ Watson. {| Kirwan, Irish Trans, ili, 35. 
** Home. +t Wiegleb. 


{{ Opuse. v. 94. 
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Vauquelin found that 100 parts of oat grain left 3° 1591 Chap. I. 
of residuum. This residuum is composed of y 


na et ec crores eevee ee OUO'C 
Phosphate of lime -...... 39°3 


100°0* 
When the whole of the avena sativa, however, stalk and 
seed together, is burnt, it leaves a residuum composed of 


Silica ted: Gen. ebb 
Phosphate of lime .. 15 
Posies shia acs craete oh OO 
Carbonate oflime... 5 


95 and a little oxide of iron.} 


This shows us that the stalk contains several substances not 
to be found in the grain. 

The following table exhibits the quantity of earths and 
metallic oxides in grains, obtained by Schreder from 32 
ounces of the seeds of the following kinds of corn; wheat 
(triticum hybernum), rye (secale cereale), barley (hordeum 
vulgare), oats (avena sativa), and likewise from the same quan- 
tity of rye straw. 


Wheat. | Rye. | Barley. | Oats, Rye Earths in 
| Straw. corn. 


ROE EE | a SEER SEED ae | emer e tee | wm RSE STID | eee teat nemen ee 


UAE ea es Beri asad eae $2 15°6 | 66°7 | 1442 1152 

Carbonate of lime....| 12°6 | 13°4 | 24°8 | 33°75) 46:2 
Carbonate of pre 13°4 | 14°2 | 25°3 | 33:9 | 28-2 
1; U Gers: eae eer Shes 3 0°6 1°4 4-9 4e 5 bh 
Oxide of manganese..}  5°0 3°2 6°7 6°95| 68 
Oxide of iron .......} 2°5 0:9 3°8 Av 5 2° 4, 


eee eerie |) ancora eeneeaeese | pinttecemenacy | aopmemneremcceceee | eerste 


ATS} 48°7) (131-5 | 227° 8-|238°8 


Saussure j junior, in his Chemical re ie on Vegetation, a 
work published in 1804, has given us the most copious table 
of the earthy and saline eohatitacrts of vegetables which has 
yet appeared. This table is the more valuable, as it was con- 
structed entirely from his own experiments. or that reason’ 
I shall insert it in this place: 


* Ann. de Chim, xxix. 17. + Ibid. 19. 
t Gehlen’s Jour, ii. 525. 
6 
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TABLE OF INCINERATIONS, Constit, of 100 parts of ashes. 


Water from J000 parts 


of the plant, green, 
of the plant, green, 


| Ditto, dry. 
Earthy Carbonates, 


Names of Plants, 
Ashes from 1000 parts 


Leaves of oak 


1] (quercus robur),} 13 | 53 |745 0°12) 3 
May 10. 
2|Ditto, Sept. 27. | 24 | 535 [549 "25 |23 ; 
Wood of a young ‘ , ; 
oak, May 10. Bac galle 
4, Bark of ditto 60 63°25, 0:25 
Perfect wood of 
is . ° g 
i) ee 2 32 
6) Alburnum of ditto. 4 il 
7] Bark of ditto. 60 66 
8 rats nae layers of 13 15165 
itto. 
Extract of wood 61 
of ditto. 
10 ‘ur from wood of Al 10 
itto. 
11/Extract from ditto. 111 


Leaves of poplar : 
12} (populus nigra),| 23 | 66 \652 


May 26. 
13 Ditto, Sept. 12. Al | 93 {565 36 
Wood of ditto, : iu 
14) "Sept. 12. mre 
15) Bark of ditto. 72 | 53 160 
Leaves of hazel “ 
16} (corylus | avella- 61 22 
na), May 1. 


wy 
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Table continued. 


t 
t 


Chap. IV. 


Tasce or INCINERATIONS. Constit. of 100 parts of the ashes, 


2 
= ney 
ae ae rey he 
i ae "| w © 
wn vo Oo eo; ~ ips ° 
43 ois fee «e os} wm 
s = S eo wm S o 
Cael = = -_— ~~ wm Fo) -_ 
Ry S - |B Elles ° rm ad 
BES le Sink) s Ss o 
S Se) & 1s a u | o © 
lg [eo er Hoe > > pes 
o 2S bis) | OS || 2 a = 3 ra . 
OTe th =). | cries = ~ ~~ © a a 
a Haste l@el sia | es +e Ise | 8 
: onl) SAP ° i— 
7, < aa RIC ttc | A UE ea] wn = a 
eee eens Se eeceesemenny | Gambemms | tees | a ee, | ee | Oe | Ce, ne | Cee | ee Se ee | 
Ditto, washed in 


hid water 82195 [44°] | 4 2 (2202 


Leaves of ditto : , ; 
18 Wane oo: | 28 | 62 | 655 22-7 14 29 113] 15 j20°5 


31 | 70 | 557/11 {12 


Wood of. ditto, 
May 1. 


21\Bark of ditto. 


Perfect wood o 
gq} mulberry — (mo- 
rus nigra), No- 
vember. 


q 


23) Alburnum of ditto, 13 


Cortical layers o , 
25 ditto. i 88 


Perfect. wood of 
hornbeam (car- A 6 346. 
pinus  betulus), 
Nov. 


Alburoum of ditto; 4 | 7 | 390 


— oneets| eapeseetiane | qeamceenee [ueastondnseanatll| 


28,Bark of ditto, | 88 134 | a4 

Wood of _ horse- 
chesnut (esculu 

; 35 

hippocastanum) , 

May 10. | 


29 


Toate: of ditto,| 
‘{80)- May 10. i 16 he 


= 


782) 
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Table continued. 


TasLe or INCINERATIONS. 


ad Bad 
23 (BS 
wn ep 
e = : S s 
s = & = 
a, Ss. LS 
Ces E fu} Po S ee 
. ez, ct is 
w~ o o ~ 
g gs 2 iss 
z a |A 
31Ditto, July 23. | 29 | 84 |652 
32|Ditto, Sept. 27. | 31 | 86 |636 
Flowers of ditto, 
33)" May 10. 9 | 71 (873 


tober 5, 


of pease 


Plants 


97| (vicia faba), be- 
fore flowering, 
May 23. , 


Ditto, in flower 
38 ts 93. 7 20 |122 |876 


4o| Ditto, seeds sepa- 
rated. 


led water. 


Solydago vulgaris, 
43| before flower- 
ing, May'l, 


Ditto, just in 
flower, July 15. 


| 59 | 85 995 15 10°75 (21 


Constit. of 100 parts of the ashes, 


3 @ w 
= c oO 
3 ee 3 a4 
a 243 : 
RN Phy ) 
=) lope lge | es 
ereys | 243! s 
Sse eS to 
\Q4 
13°5 
50 
82 {12 O | O°5 10:25] 5-25 


49-8 |17°25| 6 23 | 1 (24-65 


17-25 


55°5 |145 | 3°5 | 1:5 |0°5 124°50 


ere ces | ee Se | ee Se 


55-5 [13:5 | 4°12] 1-5 |0°5 24-38 
ho, Loaded aaa 
ye? Eee “geht ad 
69-28 [27-99 0 [ojos [es 


ee ee 


67-5 |10°75| 125) 15 \0°75 119-95 


ees Cems ee | oe tee | ee 
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Table continued, 


| ) Chap. I. 
| Constit, of 100 parts of the ashes. nd 


TABLE OF INCINERATIONS. 


wn 
2 = 
« we a x 
2 qo ioe a ae 
5 nal 22 = pA ° 
a 2 & re = s ® 
Ay & i i=) S 
_ reds a me S i= 
‘S asl -jasi =|] ese 5 
Se Se ee a ee eg ee 
& ae Der, 3 Ge i io = ~ o wm 
4°) |e. mn | z a a | wa 
—— ae See | ere, emcee | eee = —— : 
| 
Ditt ripe 
4p) Ditto, Seeds rip 50 AS {11 | 8%25] 3-5 [1-5 118-75 


Sept. 20. 

Plants of turnsol 

‘(helianthus an- 

46} nuus), a month 

before flower- 
ing, June 23. 


——— 


4 
—s 


47|Ditto in flower, ‘ ‘ . . \ 
AT July, 23. + 13 | 137} 877/61 | 6 [12°5 1-1-5 10°12 118-78 


Ditto, bearing ripe 
4p seeds, Sept. 20. er 


S| ne pee | enn as 


Adal 
—| iis 


753| 51°5 |22°5 | 4 3°T5)0°5 (17-75 


| ae cerrmeene | pence See 


Wheat (triticum f 
49) sativum), in 43°25 12:75) 0°25/32  |0°5 |12-25 
flower. | 


50| Ditto, seeds ripe. 


eure [ome eees, | eee gg | Se me 
— bears aeeeparaee 


Pig he 15 | o-25[54 [1 |ise75 


Ditto, a month be- 79 
fore flowering. 


GO [ILS | 0°25 /12+5 [0-25 |15+5 


5 Ditto, in flower, 16 


54 | 699 Al 10°75] 025126 105 lores | 


June 14, 
— pAMURL. sil Agora) SEES. aN Ch | ern ey a meme | ae ree | ener mnt ees | CEE 
53| Ditto, seeds ripe. 33 | 10 11°75] O°25|51 = 10°75 |23 
54/\Straw of wheat. 43 \22°5 | 6:2 1 1 61°5 {1 7:8 
55|Seeds of ditto. | 13 4716445 | 0 | OS 10:25] 7-6 
56|Bran. | 52 j 44-16 146-5 |.0 | 0-5. 10-25} 8-6 

Plants of maize 

(zea mays), a : 

5%| month before 122 69 5°74} 0°25) Td 0°25 17-25 


flowering, June | 
23. 
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Table continued. 


TABLE OF INCINERATIONS. Constit. uf 100 parts of the ashes. 
26 a= Be ie 
| ARS 5 2 é{¢ 
2 > 1) = B wo 
s 3 me Beis a) Be Pee S 
Pu ey S| . jas = § = 5 
> 3 
3 Eo) BB Gl ee ge PES 2 
3 £%5| 3 |ss | Se ie Pe bea 2 
Zz <q |A on|a|/elaslatr» 
Ditto, in flower ‘ : 
Taly 93. ’ 81 69 6 0°25} 75 | O°2D117 
ee | Sees, |e Se = 
59| Ditto, seeds ripe, 46 
60|Stalks of ditto, | 84 hicdine 5 18 05 | 3:05 
61|Spikes of ditto. 16 
62/Seeds of ditto. 10 62 {36 1 0+12] 0°88 
Chaff of barley 
(hordeum _vul- 42 20 7°75 125 157 0°5 | 2-25 
gare). 
64|Seeds of ditto. 18 29 = =|32°5 35°5 | 0°25} 2°8 
Mh et AR) i Saal) nL peli id. a 
65| Ditto, | 22 \22 21 | 0-12|29-88 
66|Oats | 31 i 1 es 60 | 0°25 /14-75 
Leaves of rhodo- 
dendron ferru- 
gineum, raised r om eld ; 
rad Jura, iter 30 23 -\14 = |43.251.0°T5 | 3°25 }15°63 
stone hill, June, 
20. | 
|Ditto, raised on 
Breven, a gra- r ’ : ae8 | ac kwihor. 
nite shill dhe 29 21-1 \16°75 11675} 2 5°57 31°53 
37. 
Branches of ditto are " aaa meat be ce 
Sune 20! ? | 8 22°59 110 07> | 54 22°48 
Spikes of ditto,} | 8 94 (leh ' fm lode ; 


June 27, 
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Table continued. 


TABLE OF INCINERATIONS, Constit. of 100 parts of the ashes, 


os = 
8) 58 
“v Y me 
é ee oe 
A Bei > & S wa 
5 Sei 18s pe 
oy =I SS iS 
7 Se: Uae i 
=a > Sem oe) 
ea S} om 
i) im OS Me fie 3) 
BA Gs | TS [we © = 
o ae BG ‘4 4 
Z = To =) = 


Leaves of fir (pi- 
nus abies), raised 
on Jura, June 
20. 


|Ditto, raised on 
72 Breven, June 
27. 


,| Branches of pine 
June 20. 15 


Blaeberry (vacci- 
nium myrtillus), 
raised on Jura, 
Aug. 29. 


eS oo eG | ee RD | Se 


5 9°5 {ITS 


Ditto, raised on 
Breven, Aug. 20. 


Soil from rhodo 
dendron ferrugi 65 
neum of Nos. 67 
and 69. 


of ditto. 


Extract from soil oe 153 17°25 121-5 | 3°25) 3 21°88 


Soil of rhododen- 
dron  ferrugine-|_. 
um, raised on a 620 
siliceous earth 
of Nos, 68 and 
70. 


Extract from the 
preceding soil. 


14 |L0, 


f 
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For some other tables of a similar nature, I refer the reader 


to Dr. John’s Tabellen der Pflanzen Analysen, p. 63. 


IV. METALS. 


Several metallic substances have also been found in the 
ashes of vegetables, but their quantity 1s exceedingly small; so 
small, indeed, that without very delicate experiments their 
presence cannot even be detected. 

The metals hitherto discovered are iron, which is by far 
the most common, manganese, and, if we believe some che- 
mists, gold. 

1. Iron has been found in many plants; the ashes of salsola 
contain a considerable quantity of it. From the ‘experiments 
of Mr. Grimshaw, it appears that six ounces of cotton cloth, 
unbleached, contain about.four-grains of iron; and-six ounces 
of linen in the same state about three grains; but it is likely, 
as Mr. Grimshaw observes, that part bf this iron is communi- 
cated to the cloth by the weaver’s dressing. When it gets 
acid, and is allowed to remain in iron pans, it must take up a 
part of the metal.* | 

2. Scheele first detected manganese in vegetables. + —Bohst 
found it in the ashes of the pine, diléndula, vine, green ‘oak, 
and fig-tree.t 

3. With respect to the minute portion of gold extracted 
from the ashes of plants by Kunkel, Sage, &c. it is probable 
that it proceeded rather from the lead which they emiplared 
in their processes than from the ashes. 


SECT. XXXVII. 
OF VEGETABLE PRINCIPLES IN GENERAL. 


In the preceding sections a pretty full account has been 
given of the different vegetable principles hitherto examined 
by chemists. They amount to no fewer than 36 genera, | 
They consist of substances which owe their formation to the 
process of investigation. It is of them, of course, that veget- 
ables are formed: they are the substances which come into 
view when vegetables are analyzed. It is necessary therefore 
to be well acquainted with their essential characters, that we 


may know the marks by which they are to be recognized. 


‘* Phil. Mag. xvi. 33 + Opuse. i. 106. t Phil. Mag. v. 99. 
: z 
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These unfortunately are sometimes ambiguous; so that a Chapt. 


good deal of skill and experience are necessary before we 
can distinguish them readily. Some of them indeed are so 
imperfectly known, that we are in possession of no good cha- 
racteristic marks. ‘The following table contains a general 
view of the most striking properties of the different genera. | 


1, Sugar.—Crystallizes. Soluble in water and alcohol. tanto 


Taste sweet. Soluble in nitric acid, and yields oxalic acid. 

2. Sarcocoll,—Does not crystallize. Soluble in water and 
alcohol. Taste bitter sweet. Soluble in nitric acid, and 
yields oxalic acid. : 

3. Gum.—Does not crystallize. Taste insipid. Soluble 
in water, and forms mucilage. Insoluble in alcohol. Preci- 
pitated by silicated potash. Soluble in nitric acid, and forms 
saclactic and oxalic acids. 

4. Mucus.—Does not crystallize. Taste insipid. Soluble 
in water, and forms mucilage. Insoluble in alcohol. Not 
'-precipitated by silicated potash. Precipitated by alcohol 
from water in a fibrous form without rendering the liquid 
opaque. 

5. Ulmin.—Does not crystallize. Taste insipid. Sparingly 
soluble in water and alcohol, and does not form mucilage. 
Very soluble in liquid carbonate of potash. Precipitated ‘by 
acids and sulphate of iron. 

6. Nicotin.—Volatile, and when drawn into the nose ex- 
cites sneezing. Precipitated by tincture of nutgalls. 

7, Extractive-—Soluble in water and ‘alcohol, insoluble in 
ether. Precipitated by chlorine, muriate of tin, and muriate 
of alumina; but not by gelatine. Dyes fawn. 

8. Morphia.—Soluble in water and alcohol. Crystallizes. 
Converts vegetable blues to green. Forms neutral salts with 
acids. | 

9. Asparagin.—Crystallizes. ‘Taste cooling and nauseous. 
»Soluble in hot water. Insoluble in alcohol, soluble in nitric 
acid, and converted into bitter principle or artificial tannin. 

10. Cerasin.—Insoluble in water and alcohol. When put 
into water it swells up into a transparent jelly, which may be 
employed to paste paper. Soluble in water acidulated with 
nitric acid. Without taste or smell. } 

11. Inulin—A white powder. Insoluble in cold water. 
Soluble in boiling water; but precipitates unaltered after the 
solution cools. Insoluble in alcohol. Soluble in nitric acid, 
and yields oxalic acid. | 


racters. 


200 


Book IV. 


INGREDIENTS OF PLANTS. 


12. Starch—A white powder. Taste insipid. «Insoluble 
in cold water. Soluble in hot. Solution opaque and gluti- 
nous. Precipitated by infusion of nutgalls; precipitate: re- 
dissolved by a heat of 120°. Insoluble in alcohol. Soluble 
in dilute nitric acid, and precipitated by alcohol. Yields with 
nitric acid oxalic acid and a ‘waxy matter. 

13. Indigo.—A blue powder. ‘Taste insipid. Insoluble in 


. water, alcohol, ether. Soluble in sulphuric acid. Soluble in 


nitric acid, and converted. into bitter principle and. artificial 


tannin. Volatilized by heat in a purple smoke. 


14. Gluten—Forms a ductile: elastic mass with water. 
Partially soluble in water; precipitated by infusion of nut- 
galls and chlorine. Soluble in acetic acid and muriatic acid. 
Insoluble in alcohol. By fermentation becomes viscid and 
adhesive, and then assumes the properties of cheese. Soluble 
in nitric acid, and yields oxalic acid. 

15. Pollenin.—Insoluble in water, alcohol, ether, oils, ied 
petroleum. Forms a brown coloured solution in caustic alka- 
lies. Burns rapidly when thrown into the flame of a candle. 
Colour yellow. Not altered by exposure to the air. Desti- 
tute of taste and smell. 

16. Fibrin.—Tasteless. Insoluble in water and alcohol. So- 
luble in diluted alkalies and in nitric acid. Soon putrifies. 

17. Fixed oils —No smell. Insolublein water, alcohol. Form 
soaps with alkalies. Coagulated by earthy and metallic salts. 

18. Wax.—Insoluble in water. Soluble in alcohol, ether, 
oils. Forms soaps with alkalies. Fusible. 

19. Volatile oil—Strong smell. Insoluble in water; solu- 
ble in alcohol. Liquid. Volatile. Oily. By nitric acid in- 
flamed, and converted into resinous substances. 

20. Camphor.—Strong odour. Crystallizes. Insoluble in 
water; soluble in alcohol, oils, acids; insoluble in alkalies. 
Burns with a clear flame, and volatilizes before melting. 

21. Bird-lime.—Viscid. Taste insipid. Insoluble in water. 
Partially soluble in alcohol. Very soluble in ether; solution 
green. 

22. Olivile. ow ite flattened needles. No smell. A sweet 
and bitter taste. Melts at 158°. Insoluble in cold water, 
soluble in 32 parts of hot water... Very soluble in alcohol. 
Insoluble in sulphuric ether, and in the fixed and volatile 
oils. Soluble in nitric acid, and converted into oxalic acid, 
and bitter principle. Soluble in concentrated acetie acid. 
Solution colourless, and not precipitated by water. 
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23. Resins.—Solid. Melt when heated. Insoluble in water. chap. I. 


‘Soluble in alcohol, ether, and alkalies. » Soluble m acetic acid. 
By nitric acid converted into artificial tannin. 

24. Guaiacum.—Possesses the characters of resins, but dis- 
solves. in nitric acid, and yields oxalic acid and no tannin. 

25. Balsams.—Possess the characters of the resins, but 
have a strong smell; when heated, benzoic acid sublimes. It 
sublimes also when they are dissolved in sulphuric acid... By 
nitric acid converted into artificial tannin. 

26. Caoutchouc.—Very elastic. Insoluble »in» water and 
alcohol. When steeped in: ether, reduced. to a pulp which 
adheres to every thing. Fusible and remains liquid. Very 
combustible. 

27. Gum resins.—Form milky solutions with water, trans- 
parent with alcohol. Soluble in alkalies. With nitric acid 
converted into tannin. Strong smell, brittle, opaque, in- 
fusible. 

28. Cotton.—Composed of fibres. ‘Tasteless. Very com- 
bustible. Insoluble in water, alcohol, and ether. Soluble in 
alkalies. Yields oxalic acid to nitric acid. 

29. Suber.—Burns bright and swells. Converted by nitric 
acid into suberic acid and wax. Partially soluble in water 
and alcohol. ween 

30. Wood.—Composed of fibres. ‘Tasteless. Insoluble in 
water and alcohol. Soluble in weak alkaline ley. Precipi- 
tated by acids. Leaves much charcoal when distilled in a red 
heat. Soluble in nitric acid, and yields oxalic acid. 

31. Medullin.—Insoluble in water, alcohol, ether, and oils. 
Destitute of taste and smell. Structure porous. Soluble in 
nitric acid, and forms oxalic acid, but no suberic acid. When 
distilled it yields ammonia, and leaves a charcoal having a 
metallic lustre. | , . 

32, Fungin.—Insoluble in water, alcohol, and ether. Par- 
tially soluble in a strong boiling alkaline ley. Soluble in hot 
muriatic acid, and forming a gelatinous matter. When dis- 
tilled it yields ammonia. 

But these are not the only substances which occur in the 
vegetable kingdom. It cannot be doubted that there are se- 
veral others easily recognized by their peculiar properties in 
certain vegetable bodies; though chemists have not yet suc- 
ceeded in obtaining them in a separate state, and in ascertain- 


ing their characters with precision. It was this deficiency of 


precise information that induecd me to omit them; for nothing 
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can be more hazardous than to swell the list of vegetable con- 
stituents, by introducing supposed substances from vague 
analogies and imperfect experiments. 
There are many vegetable substances remarkable for a pe-— 
culiar acrid property. Most of the ranunculi, the polygonum — 
hydropiper, mustard, &c. are well known instances. In some 
of these, the acridity disappears on-drying, while in others, as 
mustard, it remains. In some, as the ranunculi, the acrid 
portion is taken up by water; while in mustard, water dis- 
solves only a very small part, and acquires the taste of garlic. © 
This acrid property certainly depends upon the presence of — 
some principle or principles with which we are unacquainted. — 
Weare equally ignorant of the nature of the peculiar liquid © 
to which the leaves: of the common nettle owe their property — 
of irritating the skin. We do not know the substance which — 
gives the allislebiotts tribe their peculiar taste and smell; a_ 
substance amazingly penetrating, but which is destroyed or 
dissipated by the heat of boiling water. We know little of 
the poisonous juices with which many vegetables are filled. 
Indeed the only vegetable poison with which we can say we 


are acquainted is prussic acid. These are but a small num-_ 


ber of instances, but abundance of others will occur to every 
reader. Indeed whole regions of the vegetable kingdom re-— 
main still unexplored. Much curious information may be- 
expected from the analysis of the fungi, and other kindred 
plants; from the analyses of the alge, and of the lichens. 
Indeed the state of the chemical analysis of vegetables is 


still very imperfect. No general rules have yet been laid 


down; no successful method has yet been ascertained. In_ 
every particular case the analyst must follow his own judg-| 
ment, and be guided by his own experience. ‘Thus every 
one is obliged, in some measure, to invent a method for him- 
self, and to create the whole as it were anew. ‘Thus much 
time is wasted before the chemist is upon a level with his 
predecessors: and every one striking, as it were, from the 
same point, the progress is much slower than it otherwise’ 
would be. 

The older chemists confined their analysis entirely to de-— 
structive distillation. By this process they obtained nearly _ 
the same products from every vegetable. For every plant’ 
when distilled yields water, oil, dick and carburetted hydro-— 
gen and carbonic acid gas; while a residuum of charcoal re- 
mains in the retort. Foe the first intreduction of solvents we 
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are indebted to the apothecaries. The experiments of ‘Boer- hap. 1. 
haave and Neumann were doubtless of value; but it was Rou- a 
elle who first made the great step in vegetable analysis, by ments of 
pointing out the uses of various solvents to separate the dif- 0 
ferent constituents of vegetables from each other. He was 
the first that attempted a precise description of the vegetable 
principles, and that gave marks by which their presence 
might be ascertained. The next great step was made by 
Scheele, who detected the different acids of vegetables, ascer- 
tained their properties,and pointed out the method of sepa- 
rating them from those vegetable substances into which they 
enter as constituents. ‘The experiments of some of the Ger- 
man chemists, especially of Hermbstadt, added considerably 
to the discoveries of Rouelle and Scheele, and made us better 
acquainted with some of the constituents of vegetables. But 
of all the modern chemists none is entitled to greater praise 
than Vauquelin. His analyses have been numerous, and his 
discoveries important. He has introduced ‘into the ‘subject 
that precision which distinguishes all his researches, and his 
method has been followed by all the other French chemists. 
Fourcroy has been often associated with Vauquelin, and his 
analysis of the quinquina, which he published alone, is entitled 
to considerable praise. Proust has turned his attention to 
the same subject, and has favoured the world with very in- 
structive papers. ‘Till lately the analysis of vegetable sub- 
stances was almost entirely overlooked by British chemists ; 
“but the fineness of the field has now begun ‘to attract their 
‘attention. Experiments of great importance have been pub- 
lished by Davy, Chenevix, &c. and above ‘all by Hatchett, ‘to 
whom vegetable chemistry lies under deep obligations; and 
we may expect still more important information from the 
zeal and skill of those enlightened philosophers. A few years 
will probably change the appearance of this branch of che- 
mistry almost entirely, and bring it nearer to the state which 
the chemistry of minerals has already acquired. 

Thus we have noticed all the substances which have been 
hitherto examined: from vegetables. By analysing each of 
them, or by exposing them repeatedly to destructive distilla- 
tion, combustion, &c. we come at last to those bodies which 
we are at present obliged to consider as simple, because they 
have not yet been decompounded, and of which accordingly 
we must suppose that vegetables are ultimately composed. 
These amount to 15, namely, 7 / 
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‘tion caloric and light; concerning the nature of which too 
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. Oxygen. 9. Tron. 


] 

2. Sulphur. 10. Manganese. 
3. Phosphorus. 11. Potash. 

4. Carbon. 12. Soda. 

5. Hydrogen. 13. Lime. 

6. Azote. 14, Magnesia. 
7. Muriatic acid. ~ 15. Alumina. 
8. Silica. 


But of these substances there are twelve which compose | 
but a very small proportion indeed of vegetables. Almost 
the whole of vegetable substances are composed of four ingre- 
dients, namely, 


Carbon. Oxygen. 
Hydrogen. Azote. 


Of these the last, namely azote, forms but a smallsproportion 
even of those vegetable substances of which it is a constituent 
part, while into many it does not enter at all: so that, upon 
the whole, by far the greater part of vegetable substances is 
composed of carbon, hydiogen, and oxygen. Ido not men- 


little is known to enable us to determine with ab oh: into 
what substances they enter. 

The substances at present known to shana which they 
have not been hitherto able to decompose, amount (omitting 
caloric and light) to 49. Fifteen of these exist in plants; the 
rest belong exclusively to the mineral kingdom: for it is a 


fact, that no substance (I mean simple substance) has been 


hitherto found in the animal kingdom which does not exist 
also in vegetables. 

On the contrary, all the simple patna ete at present known 
may be found in minerals. ‘This indeed ought not to sur- 
prise us, if we recollect that the spoils of animals and veget- 
ables, after they have undergone decomposition, are ultimately | 
confounded with minerals, igh consequently arranged under 
the mineral kingdom. Besides, if vegetables sifane their food 
from the mineral kingdom, it would be absurd to suppose that 
they contain substances which they could not have procured 
from minerals. 

Only ten of these principles (omitting the acids) have been 
analysed with sufficient precision to give us an idea of the 
number of atoms of which they are composed. The follow- 


ing table exhibits the number of atoms of oxygen, carbon, 
Q 


PARTS OF PLANTS. 


205 


‘and hydrogen, which enter into the composition of these ten Chap. u. 
| ae) 


‘bodies: 


Atoms of 
Oxygen. Carbon. Hydrogen. 


IW AX) Sere rt TB eo PaO alan gy BSH) oyins sme SO! ATOMS 
LOGIE Dui ala ch oho BRIA B al ke LO co ala oh Fah Gti IC seals Oi 
SRNOALICH ils ce au Li eG Met Lane's gS.) oy eee 
CIs le Wk WN Sr iW hg 9: cnt) Rt eer glee 
Re OULCODUG o's Ari cecaty gut aelg t'n! Dona aie) Vee ae 
By OGY UNG se cee enn ace Risen con iM ae ag ee LO 
ROPANCH SUGAR i eID ne 66 dene De obs ed dD 
BOMMMOD) SUBD a gh ia ed WE ae a Us ea cha mig ee EO 
RTUNU GAOL aw gars Oia t cla: O ae oa, WOulaae aheeyt o 
BOCAT Ee eared ala! d tad a otis: ah) Chaps) staeoh Qube vies ee 2O, 


From this table it appears that the composition of all of 


them is very complicated. We have no conception at pre- 
sent in what way these atoms are united together.. Most pro-. 
bably they are first grouped together in binary or ternary. 


compounds, and a certain number of these primary groups go 
to the composition of the vegetable principle. © 


CHAP. Ll. 
OF THE PARTS’ OF PLANTS. 


- We have, in the preceding Chapter, enumerated and de- 
scribed the different substances hitherto detected in plants. 
But a more difficult task remains for the present Chapter ; 
namely, to explain the composition of each vegetable organ 


in all the numerous families of plants which constitute the. 


vegetable kingdom. ‘This task, indeed, in the present state of 
vegetable chemistry, cannot be fulfilled. By far the greater 


number of plants have never been examined at all; and even” 


of those which, from their medicinal virtues or nutritive qua- 
lities, have attracted the attention of chemists, only particular 


organs have been analysed, while the rest have been neg- 


lected as unworthy of notice. Nothing, therefore, either re- 
sembling a complete view, or an exact arrangement, is to be 
looked for in this Chapter. I shall satisfy myself with stat- 
ing the most important facts hitherto discovered respecting 
the composition of plants, as far as I am acquainted with 
them, under the fifteen following heads : ° 
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1. Sap. 9. Seeds. 

2. Juices. 10. Fruits. 

Sy Air. 11. Bulbs. 

4. Wood and roots. 12. Lichens. 

5. Bark. > 13. Mushrooms. 
6: Leaves. r4.° Fuci. | 
7. Flowers. 15. Diseases. 

8. Pollen. ) 


These form the subjects of the following Sections. 


SECT. I. 
OF THE SAP OF PLANTS. 


It is the general opinion of physiologists, that plants receive 


a considerable part of their nourishment by the root; that it 


ay 


enters into them in a liquid state, and passes up in proper ves- 
sels towards the leaves. This liquid is distinguished by the 


name of sap. In the spring, when the buds begin to expand — 


themselves into leaves, if we break off the extremity of a branch, © 


or cut into the wood of a tree, this sap flows out, and may be | 


obtained in considerable quantities. It was first examined by 
Dr. Hales; but chemical analysis had not made sufficient pro- 


gress in his time to enable him to ascertain its constituents. 


Deyeux and Vauquelin have more recently analyzed the sap 


of different trees. To them we are indebted for most of the 


facts known respecting this liquid. A few additional facts have 
been ascertained by John. 

The sap in all the vegetables hitherto examined is nearly 
as liquid as water. It always contains an acid, sometimes free, 
but more commonly combined with lime and potash. Various 


vegetable principles are also present : of these sugar is the most _ 


remarkable, and mucilage. Sometimes albumen and gluten, 


—_ 


and sometimes tannin, can be detected. When left to itself, — 


the sap soon effervesces and becomes sour; or even vinous, 
when the proportion of sugar is considerable. 

Hitherto the sap of a few, species of trees only has been 
examined. We are not in possession of any means of col- 
lecting the sap of the inferior orders of plants. The expressed 


. Juices of a considerable number of vegetables, indeed, have 


been prepared for medicinal purposes ; but these are not sap, 
but a collection of all the liquid substances which the plant 
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‘contained. At present, then, it is not possible to present a Chap. 1. 
general view of the properties of sap. The following are the — 
particular species which have been examined : 


1. Sap of the Elm, ulmus campestris. 


Vauquelin collected three different specimens of the sap of 
this tree ; the first portion towards the end of April, the second 
in the beginning of May, and the third about the end of May. 

It had a reddish-brown colour; its taste was sweet and muci- Properties. 
‘laginous; and it scarcely altered the colour of the infusion of 
litmus. Ammonia, barytes, and lime water throw down a 
copious yellow-coloured precipitate, which dissolves with 
effervescence in acids. Oxalic acid and the nitrate of silver 
throw down a white precipitate. Diluted sulphuric acid occa- 
sions a brisk effervescence, and disengages the odour of acetic 
acid. Chlorine destroys the colour of the sap, and throws 
down a brown precipitate. Alcohol produces a flaky precipi- 
tate. When evaporated _by a gentle heat, a pellicle forms on 
the surface; brown flakes precipitate, and an earthy matter is 
deposited on the sides of the vessel. ‘The earthy matter was. 
a mixture of carbonate of lime and vegetable substance. The 
liquid, after depositing these bodies, and being evaporated to 
2,ths of its original bulk, contained a considerable portion of 
acetate of potash. 

1039 parts of this sap were composed, according to Vau- 

quelin’s analysis, of 


Water and volatile matter........ 1027°904 hae 

— Acetate of potash .........ceeeee 9°240 ents. 
Vegetable matter ......eeseeeeoes 1:060 7 
Carbonate of lime’... oe ciaeees 0°796 


The vegetable matter was partly extractive and partly muci- 
laginous.* 

On analyzing the same sap somewhat later in the season, changes of 
Mr. Vauquelin found the quantity of vegetable matter a little akg 
increased, and that of the carbonate of lime and acetate of 
potash diminished. Still later in the season the vegetable 
matter was farther increased, and the other two ingredients 
farther diminished. The carbonate of lime was held in solu- 
tion by carbonic acid, of which there existed a considerable 


# Ann. de Chim. xxxi. 20. 


Properties. 


Constitu- 
ents. 


Properties. 
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excess in the sap. It is tothis acid gas that the air bubbles, which | 
so often accompany the sap as it issues from the tree, is one 
2. Sap of the Beech, fagus sylvatica. 


Vauquelin collected two different specimens of this sap; the 
first in the end of March, the second about the end of April. 
It had a reddish-brown colour, and a taste similar to the infu- 


q 
, 


sion of tan. It. slightly. reddened vegetable blues. . Barytes, % 


ammonia, carbonate of potash, and oxalate of ammonia, occa- 


sion precipitates in it; chlorine throws down yellow flakes; 


sulphuric acid . blackens it, and disengages the odour of acetic 


_ acid; sulphate of:iron strikes a black, and glue throws down . 
a copious. whitish precipitate. When gently evaporated to. 


dryness, it leaves a. brown extract amounting to about +1, of 
its.weight, ductile while hot, but brittle when cold, and haying 
the smell and somewhat of the taste of new baked bread. | It 


absorbs moisture from the atmosphere, and increases in weight 


about ith. Lime disengages ammonia, and sulphuric acid 


acetic acid, from this extract. Alcohol dissolves only a small 


part of it. ‘This sap contained the following ingredients: 


Water. 

Acetate of lime with excess of acid. 
Acetate of potash. : 

Gallic acid. 

Tannin. 

A mucous and extractive matter. 
Acetate of alumina. 


It contained, besides, a colouring matter, which may be fixed. 
on cotton and linen. by means of alum, and dyes them of a fine 
solid reddish-brown colour.+. 


3. Sap of the Hornbeam, carpinus sylvestris.t 


Three specimens of this sap were collected by Vauquelin 
during the months of March and April. It was limpid, and 
its shite was whitish; its taste slightly sweet, and its smell 
analogous to that of whey. Barytes throws down from ita co- 


pious white precipitate, scluble in muriatic acid. Carbonate of | 


potash likewise throws down a precipitate soluble in acids with 


* See Coulomb, Jour. de Phys. xlix. 392. 
+ Ann. de Chim, xxxi. 26, 
¢ I presume the carpinus betulus is meant: 
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- effervescence. Sulphuric acid deepens the colour, and evolves Chap. 11. 
the odour of vinegar. Oxalic acid throws down a’ copious 
precipitate, and nitrate of silver gives the solution a fine red 
colour. 3918 parts, when distilled, left an extract ofa reddish : 
yellow colour, amounting to 8°279 parts. It had a sharp taste, : 
and attracted humidity from the air: 

‘When the extract is digested in alcohol, about the half of 
it dissolves. This portion consists of extractive, a saccharine 
matter, and acetate of potash. ‘The residue, which is soluble 

_in water, consists of mucilaginous matter, acetate of lime, and 
a colouring substance. 

When this sap was left exposed to the air in an open glass Action of 
vessel, it became milky, disengaged carbonic acid, acquired a pie 
spirituous smell and taste, and its acidity increased.’ After 
some weeks this odour was dissipated, and carbonic acid was no 
longer extricated. Its acidity continued still to increase, white 
flakes fell to the bottom, and the liquid became transparent. 

After 50 days the acidity wasfound diminished, a mucous pellicle 
formed on the surface, which became at last blackish brown, 
and the liquid had only a mouldy taste. In a close bottle the 
sap never became transparent; and when the bottle was opened 
after three months, the air which it contained was found con- 
verted into azote and carbonic acid. ‘The liquid had a very 
strong taste of vinegar.* 
4. Sap of the Birch, betulus alba, 

The sap of this tree is colourless; it has a sweet taste; red- properties, 
dens vegetable blues. Neither ammonia, alcohol, nor chlorine, 
produce any change upon it. Barytes and lime throw down 
a precipitate which dissolves in muriatic acid. Hydrosul- 
phurets, sulphate of iron, and glue, produce no effect. Oxalic 
acid throws down a white precipitate. Sulphuric acid disen- 
gages the odour of vinegar. Nitrate of silver strikes a red 
colour. When evaporated to about th, it lets fall a reddish- 
brown powder insoluble in water. When 3918 parts of the 

“sap were evaporated to dryness, they left 34 parts of brown 

extract. This had an agreeable taste, attracted moisture from 

the atmosphere, and was almost completely soluble in alcohol. 

When this extract is dissolved in water and mixed with yeast, permented. 

it ferments, and the fermented liquor yields a considerable pro- 
portion of alcohol; it yields also a considerable portion of 

‘vinegar. Vauquelin did not succeed in his attempts to obtain 
crystallized sugar from this sap; but he ascertained that it con- 


* Ann. de Chim. xxxi. 31. 
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yellow colour. Acetate of lime and of alumina were also 
present, and probably also acetate of potash.* 

More lately Dr. John has made a few experiments on the 
sap of the birch. He found it transparent, colourless, desti- 
tute of smell, and scarcely sweetish. Its specific gravity was 
1:004. One portion of birch sap which had been frozen did 
not alter vegetable blues; but another portion which had not 
been frozen reddened them. From 1730 grains of sap he ob- 
tained only 4 grains of sugar. He found in it likewise a little 
carbonate of lime, which precipitated of its own accord when 
the sap was left exposed to.the air. He thought likewise that 
it contained traces of a tartrate, some gummy matter, and some 
albumen.+ 


5. Sap of the Yoke Elm. 


This sap has a bitter taste. When evaporated to dryness 
it leaves a brown extract, in which crystals of nitrate of potash 
are gradually formed. ‘This extract was scarcely soluble in 
alcohol. It gave traces of the presence of acetate of potash 
and. acetate of lime. f : 


6. Sap of the Vine, vitis vinifera. 
This sap was examined by Dr. Prout. It had the whitish 


appearance of common river water. Its taste was sweetish but 
not rough. It did not alter litmus paper, nor did its specific 
gravity differ from that of pure water. Potash and ammonia 


gave it a fine red colour, and threw down red flocks readily ‘9 


dissolved by acetic acid. It was slightly precipitated by oxa- 
late of ammonia, ferrocyanate of potash, nitrate of silver, and 


subacetate of lead. ‘I'wo thousand three hundred parts of it | 


when evaporated left only one part of residuum, half of which 


was carbonate of lime and the remainder a peculiar vegetable / | 


matter, which was insoluble in alcohol. ‘The sap had con- 


tained both carbonic and acetic acids, and likewise an alkali.§ } 
1 


7. Sap of the common maple, acer compestre. 


The sap of this tree was examined by Professor Scherer, of : 
Vienna. It hasa milky aspect, a sweetish taste, and its specific i 


gravity varies. It does not alter litmus or turmeric paper. 


It is precipitated by oxalate of potash, nitrate of siiver, and qt 


* Ann. de Chim. xxxi. 36. t Chemische Unterstichungen, ll. 4. 
~ Ann, de Chim. xxxi. 38, § Annals of Philosophy, v. 109. 
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barytes water; but not by muriate of barytes. "When boiled 
‘it lets fall gluten in flocks. It yields when evaporated a salt 
with basis of lime possessing peculiar properties. The acid 
is destroyed by heat, and according to Scherer differs from 
every other vegetable acid. He therefore distinguishes it’ by 
the name of aceric acid. The acerate of lime is white, slightly 
translucent; has a weak acidulous taste, and is not altered by 
exposure to the atmosphere. One thousand. parts of cold 
water dissolve 9 parts, and 1000 parts of boiling water.17 parts 
of this salt.* 


SECT. II. 
OF THE PECULIAR JUICES. 


Tuer sap passes from the roots in peculiar vessels to the 
leaves, where it is altered by a process similar to that of diges- 
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Chap. If. : 


Aceric acid. 


tion in animals, and formed into all the liquid substances re-: 


quisite for the purposes of the plant. These liquids flow from 


the leaves towards the root in appropriate vessels, and have | 


received the name of the peculiar juices of vegetables. They 
differ very considerably from each other in different plants. 
They have alla certain degree of consistency, and always con- 
tain much more vegetable matter than the sap. In the present 
state of vegetable chemistry, an accurate detail of their pro- 
perties cannot be attempted. Indeed it is often difficult to pro- 
cure them from any plants unmixed with the sap. ‘They some- 
times exude spontaneously, and may always be procured in 
smaller or greater quantity by incisions through the bark of 
the plants containing them. The following are the species 
of peculiar juices which have been hitherto attended to. 

1. Milky Juices——Many plants, when wounded, emit a con- 
siderable quantity of a milky liquid, which may, in most cases 
at least, be considered as one of the peculiar juices of the vege- 
table from which it flows. .The nature of this juice is ex- 
tremely various. 

The root.of the campanula rotundifolia yields a-milky juice, 
of a peculiar, and not unpleasant smell and taste. Children 
in some parts of Scotland collect the plant for the sake of this 
juice, which they. suck with avidity. Its chemical properties 
have not been examined. 


* Schweigger’s Jour, iv. 362. 
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Humboldé mentions a treé which i is a fative of South Ame- 


" rica, which yields a milky juice, employed by the natives as a 


Euphorbia. 


Poppy. 


nourishing article of food. It is éalled in the country the cow 
tree, and the milk.of it on standing forms a film on the sur- 
face, resembling in its properties the curd of milk.* 

The different species of ewphorbia yield a milky juice, which 
has a hot taste analogous to that of pepper, but more acrid, 
and which continues for 4 long time in the mouth. When — 
chlorine was poiited into this juice, a very copiotis white pre- 
cipitate fell down. This powder, when washed and dried, had 
the appearance of fine starch, and was not altered by keeping. 
It was neither affected by water nor alkalies. Alcohol, assisted 
by heat, dissolved two-thirds of it; which were precipitated 
by water, and had all the properties of resin. ‘The remaining 
third part possessed the properties of the woody fibre. Mr. 
Chaptal tried the same experiment on the juices of a great 
number of other plants, and he constantly found that chlorine — 
precipitated from them woody fibré.+ 

Dr. John has made a set of experiments on the milky juice 
of the euphorbia cyparissias. Its colour is milk-white. It is — 
opaque and has aslippery feel. Its taste is at first sweetish — 
with an impression of bitterness, and it leaves a feeling of — 
burning heat in the mouth and on the tongue, which continues | 
for some time. He found its constituents as follows : 


A ate ei A ris 4 


Tartaric acid @oee0ee , ‘ 
Resin e®@eeese? eeeone @ 13°80 } 


Co We cee ese en 2°75 ie 
Extractive ae Sn CM Os ae ’ 
Aibaiel eee: eae 3 
Caoutchouc........ 2°00 i 
Fixed OW. oo. eee 


99°67 f Cy 

The different species of the poppy (papaver) and lettuce | 
(Zacuta) yield a milky juice, which possesses narcotic qualities, 
and is distinguished by a peculiar taste and smell. These | 
juices have been more examined than the preceding. They | 
are of a very complex nature, containing a great» variety of 
constituents. Gum and resin, and extractive, are the most i 


* Ann. de Chim. et de Phys. vii. 182. + Ann, de Chim, xxi. 2385. 
‘{ Chemische Untersuchungen, i. 8. 
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prominent of these; and morphia and meconic acid constitute chap. 1. 
essential ingredients in these juices. qoit oak 

The bales juice which exudes from the jatropha elastica, the caoutchoue. 
hevea caoutchouc, the: artocarpus integrifolia, the urceola elas- 
tica, and from several other plants, gradually becomes inspis- 
sated when exposed to the air, and constitutes caoutchouc. 

This juice has been hitherto examined only by Fourcroy. 
Though kept in close vessels, the caoutchouc for the most 
part gradually separates, and forms a white solid’ elastic mass. Bots, 
The juice, however, still continues milky. When evaporated 
in the open air, a pellicle of caoutchouc gradually forms on 
the surface, and when thisis removed another succeeds. .Four- 
croy ascribes this formation to the absorption of oxygen from 
the atmosphere. Besides the caoutchouc, Fourcroy obtained 
from the juice transparent prismatic crystals, which hhad a 
sweet taste, and which he considered as saccharine matter ap- 
proaching to the nature of an acid.* 

The juice of the papaw tree possesses properties which dis- Papaw. 
tinguish it from most others. According to the analyses of 
Vauquelin, detailed in the preceding Chapter, its constituents 
resemble very closely the constituents of blood. 

Dr. John has made some experiments to ascertain the na- 
ture of the milky sap of the Asclepias Syriaca, which he was : 
enabled to examine from the plant being cultivated in the Bo- 
tanic garden at Berlin. The sap of this plant is milky, red- 
dens vegetable blues, has a peculiar smell similar to that of 
narcotic substances. Its taste is sourish, peculiar but net hot. 

Its constituents were as follows: 


Piesinee ai hs a, cl) ely me Cee 
Caoutchouc .osssserereseeee 12'S 
Gilistenncal carseees Wile aalyaor tie 
Pixtractive ss couig ae oS a ee 
Tartaric acid) Held in solution 
Albumen .. by water .... 73 


120°0 + 


The milky juice of the Chondrilla Juncea, a plant which 
Es ccdtnted abundantly in the neighbourhood of Frankfort, con- 
sists, according to the same chemist, of water, holding in solu- 


i 
* Ann, de Chim. xi, 225. 
+ Chemische Untersuchungen, 1, 20. 
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nous Juices. 


Cambium. 


Turpentine. 


Resins, 


Balsams. 
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tion mucilage, resin, and isonet in the following ond ich 
tions; ; 


“Mucilage sliolivuaid iat ai av eb atte Wb 
TEGBITLa Miser coyatinl| as biolint salen ducati 0 
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Besides the milky ‘juices enumerated above, there are many 
others. Almostall the gum resins’ indeed ‘are originally in 


been made, it is needless to dwell upon them.+ 
2. Mucilaginous Juices—The peculiar juices of many plants 
are not milky, and some not distinguished by any strong taste 


‘or smell. In these mucilage seems’ to be the predominating 


matter. Under this head may be reckoned the juices of most 


of the mucilaginous plants enumerated in the fifth Section of. 


the preceding: iChapter: 

The substance called cambium, too, if we may be allowed 
to consider it as a peculiar juice, since it is obviously different 
from the sap, is’ entirely mucilaginous. It makes its appear- 
ance, according to Mirbel, in all those parts of vegetables 


where new matter is to be formed, and seems necessary for all — 


such formations, either as the matter employed in their forma- 
tion, or as furnishing a proper bed for them to be formed 
in. It does not appear to be confined in vessels like the other 
juices. 


3. Some juices are intermediate between volatile oils and — 
resins.. ‘These may be distinguished by the name of turpen- — 
times. Common turpentine, balsam of copaiva, and probably — 
also opobalsamum, belong to this class. "These juices are ori- © 
ginally limpid and transparent, have a strong smell and taste, | 
and gradually acquire consistency by exposure to the air, pro- ' 


bably by absorbing oxygen. 


4, Other j juices obtained by excision possess at first the pro- | 


perties of resins, or at least acquire them before they are 
brought into this country. Such, for example, are tacamahac 


and mastich, and most of the resinous bodies described i in Sec- | 
tion X XVI. of the preceding Chapter. | 
5. Others are entitled to the name of ba/sam, according to f 


* Chemische Untersuchungen, ii. 1. 


+ The reader may consult a dissertation on the milky juices of plants by a 


‘ Carradori. See Gehlen’s Jour. vi. 630. 


} Mirbel, Ann. de Mus. d’Hist. Nat. No. xl. p 294. 


that state ;’but-as no aheraneat analysis of these juices has yet | 
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the strict meaning of the word; as balsam of tolu, of Peru, Chap. m7. 
styrax, and benzoin. 

6. Some peculiar juices are composed almost entirely of tan- Tannin. 
nin, or at least are characterised by containing a superabund- 
ance of that substance. Such probably are the juices of oak, 
sumach, and of most vegetables that yield abundance of the 
, tanning principle. In some cases, it would seem that these 
juices exude spontaneously ; though in general they are pe 
tained by artificial means. 

7. Some vegetables possess juices characterized by the great Sugar. 

‘quantity of sugar which they contain. Such, for example, are 
the sugar-cane, the carrot, and the various species of beet. For 
it is surely more.reasonable to consider the saccharine matter 
in these plants as belonging to the peculiar juices, than as con- 
fined to the sap. 

8. Finally, the peculiar juices of some plants are charac- Satine mat- 
terized by containing a considerable portion of saline matter. ve 
Thus the various species of sorrel contain a notable quantity 
of binoxalate of potash, and several of the sedums malate 
of lime. In short, the peculiar juices of plants are nearly as 
numerous as the vegetable principles themselves; and when 
the fungi, alge, lichens, and several other of the numerous in- 
ferior tribes of vegetables have been once examined, it cannot 
be doubted that the number will greatly increase. . 

Braconnot has lately examined the juices of a number of 
plants, in order to ascertain the peculiar acids which they con- ‘ 
tained. The following isa short abstract of the results which 
he obtained.* | 

The expressed juice of the aconitum lycortonum evaporated 
to dryness and incinerated leaves about 0°01 of carbonate of 
potash. ‘This juice contains a considerable proportion of ci- 
tric acid, partly combined with potash and partly with lime. 
Perhaps also malic and acetic acids are present in the juice of 
this plant. 

The juice of the delphinum elatum, the ranunculus aconiti- 
folius, the thalictrum flavum, the clematis recta and viticella, 
likewise contains a quantity of citric acid like the preceding 
juice. 

The juice of the salvia sclarea contains benzoic acid proba- 


bly combined with potash. 


#* Ann. de Chim. ixv. 277. 
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The juice of the ruéa graveolens contains malic acid com- — 
bined with potash and with lime. a 
The juice of the eupaterium cannabimum contains an acid 


which appears to be the malic mixed with some phosphoric. 


The juice of the nicotiana rustica and tabacum contains ma- 
lic acid combined with potash and lime. : 

The juice of the mirabilis jalapa contains nitric acid, muri- 
atic acid, malic acid, and a little sulphuric acid chiefly com- 
bined with potash. 

The spinacia oleracea contains oxalates of lime, and of pot- 
ash, malate and phosphate of potash. 

The tropeeolum majus contains phosphoric acid, nitric »anids 
and malic acid united to lime and to potash. | 

The ricinus communis contains malic acid doubtless combined 
with potash. 

The phytolacca decandra contains an uncommon proportion — 
of potash, and an acid which possesses the properties of the 
oxalic. 

The juice of the vaccinium myr tillus ox bilberr yy contains a 
colouring matter, citric and malic acids, and a considerable 
quantity ie uncrystallizable sugar... Charcoal removes the co- 


louring matter completely from this juice. When diluted 


with water, and mixed with yeast, it ferments readily, and 
yields a considerable quantity of sugar.* 


SECT. IIL. 
OF THE GASES IN PLANTS. 


In many plants the stem is hollow and filled with air. In 
others, as the onion, the leaves are filled with air. Air is 
lodged in the pod of ‘the pea, in the leaves of some species of 
fuci. In short, there is hardly a plant that does not possess 


some part more or less hollow, and of course filled with air, | 


Now it isa question of some curiosity to determine what spe- 
cies of gas thug fills up the hollow parts of plants. Is it com- 
mon nie? or ig it a secretion by the plant itself? On the latter 
supposition it may be hydrogen gas, azotic gas, carbone acid 
gas, or any other gas whatever. 

A few experiments were made by Dr. Priestley on the air 


* Vogel, Annals of Philosophy, xii. 232. 


WOOD AND ROOTS. | cay 

in the sea-weed. He found it sometimes the same ascommon hap. u. 
air; in other cases it contained a greater proportion of oxy- nana 
gen, in others a greater proportion of azote. The air within 
the leaves of onions and in the bladder of senna he found the 
same as common air. Air pressed from the stalks of the com- 
mon flag contained a greater proportion of azote than com- 
mon air.* | 

The air in two or three plants examined by Dr. Darwin was 
the same as common air. Hubert found the air from the 
arundo bambos worse than common air. 
_ M. Bidault de Villiers examined the air in a considerable 
number of plants. ‘That in the leaves of the onion was the 
same as common air. ‘The same observation applies to the 
air in the petals of the melo peppo in the capsules of the colutea 
arborescens, the pods of the pisum sativum, the capsules and 
vesicles of the staphylea pinnata, and nigella damascena, the 
stems of the Lorago officinalis, conium maculatum, sonchus ole- 
raceus. In some cases he found the air in the leaves of onions 
extinguish a candle; it must of course have contained a con- 
siderable excess of azote.t 

From these few observations it seems to follow, that the air 
contained in plants is common air, frequently unaltered; but 
sometimes deprived of a portion of its oxygen. In Dr. Priest- 
ley’s experiment it would appear that a redundancy of oxygen 
was present. But this experiment would require repetition be- 
fore it could be considered as authenticated. 


SECT. IV. 
. OF THE WOOD AND ROOTS. 


_ |. Tue roots of a great variety of plants are employed in 
medicine and the arts; but few of them have been hitherto 
subjected to chemical examination. ‘The substances found in 
‘them are various; and indeed, as the peculiar juices of the 
‘roots are always included in such examinations, it is clear that 
almost all the vegetable principles will be found in them. 

The process usually followed in examining these substances, 
is first to separate every thing soluble in cold water, then to 
‘boil the root in water. Alcohol is applied next; and after- 

wards different acids or alkalies, according to the nature of the 


+) Priestley, Wi. 279. 4 Ann. de Chim, Ixxxviil. 89. . 
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List. 


Helleborus . 


hyemalis. 


Contains a 
poisonous 
oil. 


Brionia 
alba. 


-oil gradually separated and concreted on cooling. Its taste 
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‘ing plants have been subjected to chemical examination : 
Helleborus hyemalis. ~ Rubia tinctorum. ite a 
Brionia alba. Curcuma longa. — : 
Calaguala, Valeriana officinalis. :, 
Ho-ang-lien. Cochlearea armorica. i 
Cepheelis, or calicecca. Glycyrrhiza glabra. : 

ipecacuanha. Inula helenium. 
Convolvulus jalappa. Acorus calamus. : 


Gentiana lutea. - Andropogon schenanthus. | 
Rheum palmatum. | | 


1. Helleborus hyemahis.—'The root of this plant is tuberous, © 
has a yellowish-white colour, and is covered with a black skin. | 
At first it has no taste: but in a short time a strong acridity— 
becomes sensible in the mouth and throat. Vauguelin has 
subjected it to a chemical examination, chiefly in order to as- : 
certain the nature of the bitter and acrid principle which it 
contains. ‘This principle he found to be an oil of a peculiar 
nature, possessing properties intermediate between the fixed ' 
and volatile oils. He obtained it by digesting the root in al- } 
cohol, and then distilling off the alcohols in an Salant The © 


t 


was extremely acrid, and it had a yellowish-brown colour. — 
When dissolved in weak alcohol, it precipitates the sulphates © 
of iron of a fine purplish-red colour, which becomes green by 
means of alkalies. ‘This oil is extremely poisonous, and, ac- | 
cording to Vauquelin, exists in many plants, and is the cause 5 
of free poisonous qualities. a 

When the root is digested. in water, and the liquid passed | 
through a cloth, it is obtained opaque and milky, and gradu- t 
ally deposits a white powder which possesses the properties of — 
starch. The liquid, by evaporation, deposits a brownish mat- | 
ter, which forms successive pellicles on the surface. .This | 
substance possesses the properties of extractive. Besides these | 
substances, Wauquelin detected a substance analogous to q 
gluten, some sugar, and a portion of woody fibre.* ; 

2. Brionia alba.—This root has been used in medicine, and 
was known to contain a considerable portion of starch, and a _ 
bitter principle soluble in water and alcohol. Vauquelin © 
lately examined it. By maceration in water, and subsequent 


* Ann. de Mus. d’Hist. Nat. No. xliii. 82. 
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pressure in a linen-cloth, the starch was separated and ob- chap. 1. 
tained in a state of purity. The bitter substance was soluble “~~~ 
both in alcohol and water, and appeared to possess the pro- 
perties of pure bitter principle. The root was found likewise constitu. 
to contain a considerable portion of gum; a substance which 
is precipitated by infusion of galls, and which Vauquelin de- 
nominates vegeto-animal matter, some woody fibre, a small 
portion of sugar, and a quantity of supermalate of lime and 
phosphate of lime.* 

3. Calaguala root—This is a root brought from America cataguala. 
for medicinal purposes, which has acquired considerable ce- 
lebrity on the continent. The plant from which it is obtained 
is not known; but from the observations of Vauquelin is sup- 
posed to be a species of polypodium. It has a brown colour, 
is partly covered with scales like the roots of fern, and is very 
hard and difficult to reduce to powder. WVauquelin, who has 
subjected it to analysis, found it a very complex substance, and 
separated from it no fewer than the following substarices : 


Woody fibre. Colouring matter. Constitu- 
Gum. ; . Malic acid? ve 
Resin. Muriate of potash. 

Sugar. Lime, 

Starch. Silica. 


Alcohol dissolves the resin and sugar. By evaporating the 
solution to dryness, and treating the residue with water, the 
sugar is separated and the resin left. This resin has a reddish- 
brown colour, and a bitter and acrid taste. It dissolves in 
alkalies, communicating a brown colour and a bitter taste, and 
is again separated by acids. Vauquelin suspects that this 
principle is the constituent of the root, both of this plant and 
of the other filices which possess vermifuge properties. Water 
dissolved the gum and the muriate of potash, which were ob- 
tained by evaporation, Diluted nitric acid dissolved the starch 
and the colouring matter, and let fall the former when mixed 
with four times its bulk of alcohol. The woody fibre re- 
mained, which when incinerated left carbonate of lime, mu- 
riate of potash, and a little silica. As the decoction reddened 
vegetable blues, it is possible that the lime was in combination 
with malic acid.+ 


* Ann, de Mus. d’Hist. Nat. No. xliii. 88, 
— + Vauquelin, Ann. de Chim. lv. 22. 
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Book tv. 4, Ho-ang-lien.—This is a bitter tasted root, brought from — 
saan | China, and used on the continent as a medicine. It has been 
a Tien, slightly examined by Bouillon La Grange. From his experi- % 
ments, it seems to owe its properties chiefly to the bitter prin- — 

ciple, of which it contains a considerable portion. It contains : 

also a resinous matter, taken up by alcohol and thrown down 4 

by water. This substance when dry has a brown. colour, © 

melts when heated, and burns, emitting an aromatic odour.* — 

Ipecacuan. 5. Ipecacuan.—This is the root of a plant which grows ~ 
spontaneously in Brazil, and probably in other parts of South — 
America. It was first correctly described and figured by Dr. — 
Brotero, under the name of callicocca ipecacuanhat The © 

root is about the thickness of a quill, unequal and knotty, and — 

varies considerably in its colour. When pounded it forms the © 

mildest and safest emetic in the whole Materia Medica. { 
Though probably employed in America from time immemo- — 

rial, it was not introduced into Europe till the time of Lewis — 

XIV, when one Grenier, a French merchant, brought 150lbs. © 

of it from Spain; with which trials were made at the Hotel © 

Dieu. Helvetius first made known its use in dysentery, for ‘ 

which he was rewarded by Lewis XIV. with 10001. sterling. — 

Properties. . Lhis substance has been recently analysed by M. M. F 
Majendie and Pelletier. The following are the constituents — 

which they obtained : ' | q 


Oil eeeoe3#2eeee#sekse es 2 
Emetin .......... 16 


‘ Wax ss: Wi. -» 6 
Guan s. o0e. 3 jie 20 
Starch) wwe eons AZ 
WV GO ty. 0 diciels ~1 20 
TOSS OLN atest is he olaipiees ae 
. 100§ 
fale. 6. Jalap—This very active cathartic is the root of the con- ) 


volvulus jalappa, a plant which is a-native of Xalapa, a pro- | 
vince of New Spain.|| It is brought to Europe in thin slices, — 
which are hard, of a brown colour, exhibiting resinous streaks _ 
and circles, easily inflammable, of scarcely any smell, and a — 
weak acrid taste. From the few experiments detailed by © 


* Vauquelin, Ann. de Chim. ly. 40. - + Linnean Trans. vi. 137. 4 
$ Neumann’s Chem. p. 357. § Ann.de Chim. et Phys. iv. 180. 
|| Hence the term Jalap. Neumann’s Chem. p. 352. 
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Neumann, it appears to contain a resin, to which its active chap.1. 


properties are ascribed, and likewise a portion of extractive 
and of mucilaginous matter. It has been analysed by Mr. 
| Henry, who found its constituents resin, extractive, starch, 
-and woody fibre.* According to him, the proportions of these 
| different substances, contained in 500 parts of the three varie- 
‘ties of jalap which occur in commerce, are the following: 
Resin. Extract. Starch. Woody Fibre. 
_Jalap lever ...... 6G0...20- TG seeree D5eeeeee 270 
Bees Gait si cicewe BO ce eee s 140. 0000) 102 C268. 3 210 
—— piqué ....66 7T2eeee0. 125.0000. 105....+6 200 


~, Rhubarb.—This is the root of the rheum palmatum, and Rbubar. 


perhaps also of some other species of rheum, brought chiefly 
from the northern parts of China by the way of Russia, though 
of late it has been cultivated also in Britain, The root is 
large, of an oblong or roundish shape; of a dark-brown 
colour externally, with black and reddish streaks ; internally 
it is reddish-yellow, and when fresh contains a juice of the 
same colour. No accurate chemical analysis of rhubarb has 
yet been made; but from the experiments of Neumann, it ap- 
pears that nearly one half of it is soluble in water, and that 
alcohol scarcely takes up any thing from the residue. From 
the properties of the watery extract, enumerated by that la- 
borious chemist, we may infer, with some probability, that it 
consists chiefly of the extractive and bitter principle, and that 
it contains some tannin. A small quantity of greenish-yellow 
resinous matter seems also to be present.t Scheele separated 
from the root about ith of its weight of oxalate of lime.{ But 
this salt 1s not taken up by the water. 


g. Gentian.—This is the root of the gentiana lutea, a plant Gentian. 


which grows spontaneously in the mountainous parts of 


‘France, Switzerland, Hungary, &c. It is said to have been 
named after Gentius, a king of Illyria, who is supposed to 
have first discovered its virtues. The root is externally brown; 
internally yellow, with a spongy pith in the middle. Its taste 
is intensely bitter. From the experiments of Neumann, we 


may conclude that the soluble parts of it consist chiefly of 


bitter principle, mucilaginous matter, resin, and extractive. 
The first seems to be the most copious and most active ngre- 
dient, and the one to which it owes its medicinal properties. 


* Ann. de Chim. lyxti. 275. 
’ + Crell’s Annals, i. $4. Eng, Trans. 


+ Neumann’s Chem. p. 360. 
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Madder,. 


Properties. 
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It has been subjected to a chemical examination by Mr. — 


Henry, who extracted from it the following substances : 


(1) A substance possessing very nearly the properties of — 


birdlime. 
(2) A resin united to a little oil which gives its odour t 
gentian. 


(3) An extract, similar to that of cities which consti, 


tutes the greatest part of gentian, and which possesses the 
bitter taste and the other characters which distinguish this 
plant. It does not possess alkaline characters but agrees with 
those already recognized in the bitter principle. 

(4) Gum united to a colouring matter. : 

(5) A salt with a calcareous base, possessing the characters 
of a phosphate. 

(6) It contains neither starch nor inulin, nor any alkaline 
substance.* 


9. Madder.—This is the root of the rubia tinclorum, a plant 


cultivated in Zealand, &c. for the dyers. ‘The root is the 
useful part, forming one of the most valuable of the red dyes. 
It is about the thickness of a goose quill, somewhat transparent, 
of a reddish colour, and a strong smell. ‘The colouring matter 
of madder is the only part of this root that is valued. Mr. 
Watt has published a dissertation on it; to which we owe 
almost every thing that we know respecting its chemical nature. 

It appears that there are,two distinct colouring matters in 
madder: a red, which is extracted readily by cold water; and 
a brown, which requires a boiling heat to separate it in any 


quantity. Hence the reason that dyers are cautious not to — 


raise the infusion of madder to a boiling temperature till 
towards the end of their process. Both of these colouring 
matters appear to possess the properties of extractive. They 
are soluble in water and alcohol; and when the solution is 
evaporated, pellicles successively form on the surface. ‘These 
gradually subside, and form a reddish-brown matter, only 
imperfectly soluble in water. When alum liquor is poured 
into the infusion of madder, a deep brownish-red flaky preci- 
pitate falls, and the liquid assumes a brownish-yellow colour; 


and alkaline carbonates and lime water throw down a blood- 


red lake, differing in the shade of its colour according to the 


proportion of alum employed. Acetate of lead thrown down 


a brown-coloured precipitate. 


* Annals of Pliulosophy, xvi. 89. 
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“When carbonate of magnesia is mixed with infusion of Chap. 1. 


madder, the liquid assumes a bright blood-red colour; and by 
‘evaporation an extract is obtained, which readily dissolves in 
‘water, and when spread upon paper becomes yellow in a few 
days, if exposed to the sun. 

Water, holding a little alkali in solution, forms pith mad- 
der a dark byounishiced solution; but if the water be mixed 
‘with a little acid, the infusion is sielNowadlasd 

From the late observations of Merimé, it appears probable 
that a third colouring matter is present in madder ; that it is 
‘more soluble than the red; and that it may be separated by 
steeping the madder a certain time in water, and then preci- 
pitating the solution with an alkali. After this a much finer 
red lake may be obtained from madder.+ 


10. Turmeric.—This is the root of the curcuma longa, a Turmeric. 


plant which grows in the East Indies. It has a fine yellow 
colour, a slight smell, and an aromatic bitter taste. To water 
it gives its own yellow colour, and the infusion is rendered 
brown by alkalies. To alcohol it gives a red colour, which 
stains hot marble of a durable colour.t The constituents of 


this root are but imperfectly known. From the experiments — 


of Neumann, we learn: that it contains a little volatile oil; 


that water dissolves nearly one-third of the root, but that a. 


very small portion only is soluble in alcohol.§ It forms the 
chief ingredient in curry powder. 


11. VM ae —Trommsdorf has examined the root of the Valerian; 


valeriana officinalis. It loses three-fourths of its weight by 
drying. Distilled with water it yields a volatile oil, very li- 
quid, and of a greenish-white colour. Its odour is strong and 
camphoric; its specific gravity, at the temperature of 7 70, is 
0°9340; its taste is aromatic and camphoric without being 
acrid. When exposed to the light it becomes yellowish. 


Nitric acid converts it into a resinous substance, or, if it be 
used in a sufficient dose, into oxalic acid. The expressed juice , 
of the roots of this plant is muddy, and has a strong odour. 


It lets fall a portion of starch. It contains a peculiar substance 
approaching the nature of extractive, soluble in water, but in- 
soluble in ether, and in pure alcohol. It is precipitated from 
water by the salts of lead, silver, mercury, and antimony. 
This juice contains also a portion of gum. The roots deprived 


* See Watt, Ann. de Chim. iv. 104. 


+ Berthollet, Elemens de l’Art de la Teinture, il. 120, — 
t Lewis, Neumann’s Chem. p. 384. § Ibid. p. 3838. 
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\Horse-rae 


dish. 


Elicam- 
pane. 
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a nan of woody fibre.* 


. Horse radish.—Einhoff has examined the root of this it 
: dents the cochlearea armorica, and found that its acridity : 


is owing to the presence of a small. quantity of volatile oil, 
which he obtained by distilling the mashed roots in a water 


bath. A liquid came over which was at first milky, but gra-— 


dually deposited a little of the volatile oil in question. This 


oil had a pale yellow colour, and the consistence of the oil of — 


canella. Its odour was that of horse-radish excessively strong. 


Its taste was at first sweetish ; but it left an acrid impression, 


and excited inflammation in those parts of the tongue and lips 


it forms a milky liquid by agitation. It dissolves readily in 


alcohol. It is volatilized at the temperature of 60°. The li- | 


to which it was applied. It is heavier than water, with which — 


quid obtained from the roots of the horse radish by distillation 


yielded traces of sulphur.* 


13. Liquorice.—The glycyrhixa glabra, or Hynotl ice, IS a 
native of the south of Europe, but is cultivated in considerable — 


‘quantities in England for the sake of the root, from which is 


extracted the black substance well known under the name of — 


liquorice, or black sugar. This root was subjected to analysis 
by M. Robiquet, who obtained the following substances from it: 
(1.) Starch, first observed in it by M. Lautour. 
(2.) Gluten, which is separated by boiling. 


(3.) Liquorice sugar, a substance palitoh. approaches sarco= _ 


coll in its properties. It is soluble in alcohol and water; but 
insoluble in cold water. It has a sweet taste, does not yield 
alcohol by fermentation, nor is it converted into oxalic acid by 
the action of nitric acid. 

(4.) Phosphates and malates of lime, and magnesia. 


(5.) A brown thick resinous oil, which gives an acrid cha- — 


racter to the decoction of liquorice. 


(6.) A substance similar in its properties to asparagin; but — 


crystallizing in octahedrons. 


(7.) Woody fibre.+ 


Se ee eT 


14. Elicampane.—The roots of the inula helenium or ele-' 
campane were examined by Rose, who extracted from them the - 


peculiar vegetable principle called inulin. M. Funke after- | 
wards gubieoted them to a new anielgists; and obtained the fol- — 


lowing substances : 


> Ann, de Gbimaleaages + Ibid. 18500!) . dTbidlxxii.. 145. 
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A crystallizable volatile oil. Chap. 
Inulin. ig 
Extractive. 


Acetic acid. 

A crystallizable resin. 

Gluten. 

A fibrous matter (woody fibre?) * 


15. Sweet flag—The roots of the acorus calamus, or sweet sweet fag. 
_ flags, have been subjected to analysis by Trommsdorf. Ac- 
cording to him 64 ounces of this root are composed of the 
following ingredients :. 


: ; OZ. er. 
Volatile oul. 5.2. OF2159, 040 Ca8bH'OO 44 Dilgalll3:33 
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Extractive with some muriate of potash 2 .. 
Gum with some phosphate of potash... 3 
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16. Andropogon scheenantus.—The root. of this plant from anaropogon 
the isle of France was examined by M. Vauquelin. It, was *=™"*"* 
found to contain, 1. A resin similar to that of myrrh. 2. A 
bitter colouring matter soluble in water. 3. An acid. 4. Oxa- 
late of lime. 5. Abundance of oxide of iron. 6. Much 
woody fibre. t ) 
Many other roots have been employed either in medicine 
or the arts; but as they have not yet been subjected to che- 
mical analysis, I think it unnecessary to enumerate them here. 
II. The wood of different.trees differs materially in. hard- 
ness, strength, durability, and beauty. But from the experi- . 
ments of Count Rumford, there is reason to believe that the 
mere woody fibres of all plants are nearly the same, and that 
the differences are owing almost entirely to the various pro- 
portions of liquids and empty spaces with which the woody 
fibres are intermixed. He found the specific gravity of the 
‘wood of different trees as follows : 


slooannnoo? 
° 


* Ann. de Chim. Ixxvi. 98. + Ibid: lxxxi. 332. 
{ Ibid. Ixxii. 302. 
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Poplar .i......06 14854 
PARE Cis ees hs acdc Lea 
Birch eco, ooh oe aa RBAS 
Bigs we hie awueoed 
Maples. iiss wisi aa 599 
Beech .....cecee08 15284 
Bini. sewed caivcos A6186 
Oakey pads wa epee 


A cubic inch ofoak and poplar consisted respectively of the — 


following proportions of wood, sap, and air: ° 


Wood. Sap. Air. 
Oak ve... 3'0°39353 2... 0°36122 ...4 0°24595 
Poplar vee O'24289. 2.4.2: 021880 2... O53831) 


He found likewise that the same tree in winter contains — 
more sap than in summer; and that in summer it contains © 


more air than in winter.* 


Out of the great number of woods known and employed — 


in the arts, I shall mention only the following. 


1. Logwood.—This is the wood of the hematoxylon cam- — 


pechianum, alow prickly tree, which grows abundantly about 


Campeachy, in the bay of Honduras. It comes to Europe — 


in large logs, cleared from the bark, and is very hard, com- 
pact, heavy, and ofa red colour. It has a sweetish astringent 
taste, but no perceptible smell. It is very much used by 
dyers, especially in dyeing black, to which indeed it is in some 
degree essential. For the facts known respecting its pro- 
perties, we are chiefly indebted to Dr. Lewis.+ Several of its 
constituents have lately been ascertained by Chevreul. t 


Logwood gives out its colouring matter both to water and — 


alcohol; but to neither with much facility. The liquors as- 
sume a fine red colour with a shade of purple. The infusion 
becomes gradually deeper, and at last almost black. To 
cloth, previously boiled. in alum and tartar, it gives a very 
beautiful, but perishable violet colour. Alkalies deepen the 


colour of the infusion; acids change it to yellow. With 
sulphuric, nitric, muriatic, and acetic acids, slight reddish« 
brown precipitates fall. Alum throws down a copious violet — 


precipitate. Sulphate of iron strikes a dark bluish-black like 


ink, and throws down slowly a precipitate of the same colour. | 


* Nicholson’s Jour. xxxiv. 319. + Neuman’s Chem, p. 385. 
¢ Ann. de Chim. Ixvi. 254; and lxxxi, 128. 
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4 
Sulphate of copper throws down a copious brownish-black ¢yap. 1. 
precipitate, and acetate of lead an equally copious reddish- ~— 
black precipitate; and muriate of tin throws down instantly a 
copious purple lake, while the liquid becomes transparent and 
colourless.*  Chevreul has shown that this wood contains a 
volatile oil, tannin, a yellow colouring matter, and acetates 
of lime and of potash.t But the most important of its con- 
stituents is the substance to which Chevreul has given the 
name of hematin, and which has been described in the pre- 
ceding chapter. 
2. Braxil wood.—This is the wood of the cesalpinia crista, praziiwooa. 
a tree which grows in Brazil, and likewise in other countries, 
where it is cultivated for the dyer. The tree is very large, 
and ,the wood very hard and heavy. Its colour is at first 
whitish, but it becomes red by exposure to the air. Water in 
which it is boiled acquires a fine red colour; while the wood 
itself, by repeated decoctions, becomes black. After water 
has ceased to act, alkaline leys still deprive it of a considerable 
quantity of colouring matter. Alcohol likewise takes up the 
colouring matter of Brazil wood, and acquires a deeper colour 
than water. 
From the decoction in water, sulphuric and muriatic acids 
throw down a scanty red precipitate, while the liquid becomes 
yellow. An additional dose of acid restores the red colour 
again. Nitric acid changes it to yellow, and then to orange. 
Oxalic acid throws down an orange-red precipitate. The 
alkalies change the colour to purple, and throw down a scanty 
precipitate. Alum precipitates slowly a copious reddish lake, 
and muriate of tin an abundant rose-coloured powder, while 
the liquid becomes nearly colourless. Sulphate of iron strikes 
a black with a tint of violet, and throws down a precipitate 
of the same colour. Acetate of lead throws down a fine dark 
red precipitate.{ An elaborate set of experiments on Brazil 
wood has lately been published by Chevreul. The following 
are the results which he obtained : | 
The decoction of yellow Brazil wood is yellow. When rroperties. 
distilled it yields water containing a portion of acetic acid, 
and a volatile oil having the odour and taste of pepper. As 
_ the liquid is concentrated by evaporation, a viscid matter is 


— 


* Berthollet, Elemens de l’Art de la Teinture, ii. 344. 
4+ Ann, de Chim. Ixvi. 254. 
j Berthollet, Elemens de !’Art de la Teinture, ii. 229, 
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Book iv. perceptible, of a brown colour, which is a compound of tannin 


Red rauin- 
ders, 


Fustic. 


and the.colouring matter. The liquid retains a portion of the 
same substances. It contains also traces of ammonia, and 


of lime probably combined with acetic acid. Chevreul sus- — 


pects also the presence of sugar and of gallic acid; both of 
which he detected in the extract of Brazil wood of commerce. 
All his attempts to separate the colouring matter from the 


tannin, and obtain it in a separate state, failed. The acids — 


change it from yellow to red in the infusions containing it. 


Alkalies and alkaline earths make it pass to violet. Alumina. 


strikes a carmine, protoxide of tin a violet, and peroxide of 
tin a red colour. - Several neutral salts, as sulphate of soda, — 


&c. when added in considerable quantity, change the colour — 


to. red. Sulphuretted hydrogen gas combines with it, and de- 


stroys the colour; but it appears again, and the sulphuretted — 


hydrogen is separated. It has a stronger affinity for alkalies 


than litmus: and accordingly it renders litmus paper red, by © 


depriving it of the alkali with which it is in combination.* 


3. Red saunders.—This is the wood of the pterocarpus san= 
talinus, a large tree which grows on the Coromandel coast, © 


and in other parts of India. The wood is at first light-red, 
but becomes very dark by exposure to the air, It is very 


a 


compact and ponderous, and has no smell, and very little 


taste. This wood is chiefly used for colouring drugs, and has _ 


not yet been subjected to chemical examination. The colour- jj 
ing matter is of a resinous nature, and probably similar to that - 


¢ 


of dragon’s blood. It is taken up by alcohol, but not by — 
water. The alcoholic tincture is a fine red, but becomes yel- | 
low when diluted witha large quantity of spirits. By this | 

property of yielding no colouring matter to water, we can 
easily distinguish red saunders fore Brazil wood ; a distinc- I" 


tion first actuated out by Dr. Lewis. ¢ 


4. Fustic.—This is the wood of the morus tinetoria, a lange, 


tree which grows in the West India islands. It is used in 
dyeing yellow, and is very rich in colouring matter. It is 
neither very hard nor heavy; its colour is yellow with orange “) 


veins. It gives.a deep orange-colour to water. The decogall fi 
tion gives a precipitate with - elie: but still retains its colour. — f 


Acids throw down a slight gr eenish-y ellow precipitate, which | 


is re-dissolved by stkaliest These give the decoction a dark- 


, 


a” 


* Ann. de Chim, Ixvi. 225. t Neumann's Chem. p. 337. 
t ibid. p. 336. 
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red colour, and gradually separate a yellowish matter. ee Chap. II. 
throws down a scanty yellow precipitate; sulphate of iron, a 
precipitate at first yellow, but which becomes brown; sulphate 
of copper, a yellowish-brown precipitate ; acetate of lead, an - 
orange-yellow precipitate; and muriate of “gil a very copious 
fine yellow precipitate.* 

5. Sumach.—This is the shoots of the rhus coriaria, a shrub sumach, 
which grows ‘in the countries bordering on the Levant. They 
are cut down-yearly, dried, and ground in a mill. - Like the 
preceding substances, it is used in dyeing, and chiefly as a 
mordant, on ‘account of the tannin which it contains. It 
gives to water a greenish-yellow colour, which soon becomes 
brown by exposure to the air. It has not-yet been subjected 
to a regular chemical analysis. ‘The tannin appears to be the 
principal ingredient; and, according to Proust, it differs in 
its properties from the tannin contained in other plants. Bar- 
tholdi published a set of experiments on the decoction of this 
plant. According to him, it contains a great variety of saline 
matters; nitrate of potash, muriate of soda, sulphate of lime, 
gallate of magnesia, carbonate of lime, &c. But these expe- 
riments stand in need of repetition. 


SECT. V. 
OF BARKS. 


_ Tue bark is the outermost part of vegetables, It covers Bark. 
the whole plant from the extremity of the roots to the ex- 
tremity of the branches. It is usually of a green colour: if a 
branch of a tree be cut across, the bark is easily distinguished 

from the rest of the branch by this colour. If we inspect such consists of 
a horizontal section with attention, we shall perceive that the tree su 
bark itself is composed of three distinct bodies, which, with a 

little care, may be separated from each other. The outer- \ 
most of these bodies is called the epidermis, the middlemost 

is called the parenchyma, and the innermost, or that next the 

wood, is called the cortical layers. 


The epidermis is a thin transparent membrane, ante COVES 1. Epider- 


all the outside of the bark. It is pretty tough. When in- ai 
spected with a microscope, it appears to be “composed of a 
number of slender fibres crossing each other, and forming a 


* Berthollet, Elemens de Art de la Teinture, ii. 259. 
+ Ann, de Chim. xii. 305. 


230 


Book IV. 


2. The pa- 
renehyma. 


3. The cor- 
tical layers. 


Nature of 
barks.] 


PARTS OF PLANTS. Bee, 


kind of net-work. It seems even to consist of different thin 


retiform membranes, adhering closely together. This, at 


least, is the case with the epidermis of the birch, which Mr. 
Duhamel separated into six layers. The epidermis, when 
rubbed off, is reproduced. In old trees it cracks and decays, 
and new epidermes are successively formed. ‘This is the rea- 
son that the trunks of many old trees have a rough surface. 

The parenchyma lies immediately below the epidermis ; it 
is of a deep green colour, very tender, and succulent. When 
viewed with a microscope, it seems to be composed of fibres 
which cross each other in every direction, like the fibres which 
compose a hat. Both in it and the epidermis there are num- 
berless interstices, which have been compared to so nial « 
small bladders. 

The cortical layers form the innermost part of the bark, or 
that which is next to the wood. They consist of several thin 
membranes, lying the one above the other; and their number 
appears to increase with the age of the plant. Each of these 
layers is composed of longitudinal fibres, which separate and 
approach each other alternately, so as to form a kind of net- 
work. The meshes of this network correspond in each of 
the layers; and they become smaller and smaller in every 
layer as it approaches the wood. These meshes are filled 
with a green-coloured cellular substance, which has been com- 
pared by anatomists to a number of bladders adhering toge- 
ther, and communicating with each other. 

Fourcroy supposes that the epidermis is the same in its na- 
ture in all trees, and that it possesses constantly the pro- 
perties of suber; but this opinion is not likely to be verified. 


The cortical layers seem, at least in many cases, to have a. 


similar fibrous basis; a basis possessing essentially the pro- 
perties of flax, which is itself merely the cortical layers of the 


linum usitatissimum. ‘The matter of the parenchyma, and | 


the juices which exist in barks, vary extremely, and probably — 


occasion most of the differences between them. Some, as 
oak bark, are characterized by their astringency, and contain 
tannin; others, as cinnamon, are aromatic, and contain an 
essential oil; others are bitter, as Jesuit’s bark ; some are chiefly 
mucilaginous, others resinous, &c. But in the present state 
of the subject, an enumeration of the different kinds of barks 
is not to be expected. I shall therefore, as in the preceding 
sections, satisfy myself with detailing the properties of those 
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barks that have been subjected to examination. The following chap. 1, 
are the most remarkable of these: bens gach 

1. Bark of the cinchona floribunda, or quinquina of St. Do- Quinavins 
mingo.—This bark has been analyzed with great address by mingo. 
Fourcroy. His analysis still constitutes one of the completest 
which has hitherto been made on any of the substances be- 
longing to the vegetable kingdom. 

This bark is in rolled pieces, six or seven inches long, and 
three or four lines in thickness. Its colour is greyish-green 
externally, but within it exhibits different shades of green, 
purple, white, brown, &c. Its taste is bitter and disagreeable ; 
its odour strong and unpleasant. 

It gives out nearly half its weight to water, provided it be 
boiled in a sufficient quantity of that liquid. The residue 
possesses the properties of woody fibre. When burnt it leaves 
a coal, which contains the following saline constituents. The 
quantities are those obtained from a pound, or 9216 grains 
of the bark. 

Grains. 
Carbonate of potash ........ 10 Earthy re- 
Sulphate of potash.......... 12 aon, 
Muriate of potash .......... 38 
Phosphate of lime.......... 20 
Carbonate of lime.......... 420 
DUAR Ha 0i.5 t0s "mello. St binge aS nah gate 


The decoction of the bark has a reddish-brown colour, and nae so- 
an extremely bitter taste. It deposits, on cooling, a blackish 
substance, soft and tenacious, which does not an Pag in cold 

water, though it is soluble in hot water and in alcohol. More 

_ of this substance precipitates as the liquor is evaporated. 
When the inspissated juice, freed from this precipitate, is 
mixed with alcohol, a quantity of gummy matter separates. 
When the black matter which precipitates as the decoction 

_ cools is treated with hot alcohol, the greatest part: of it is 
dissolved; but a fine red powder remains mixed with some 
mucilage, which is easily separated by water. When the 
alcoholic solution is exposed to the air, it deposits light- 
yellowish crystals of a saline nature. When mixed with 
water, white flakes are thrown down, which possess the pro- 
perties of gluten; but the greatest part remains in solution. 
Thus the Sais part of the bark may be separated into five 
distinct substances ; namely, gum, gluten, a red powder, a 


ti 
| 
i 
i 
I 
| 
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Properties. 


tion by the diluted alcohol. The last is by far the most 


‘abundant.’ ‘To it the peculiar qualities: of the decoction of 


this bark are to be ascribed. The following are'the quantities 
obtained by aia ha non 9216 ane of the bark: ie 
Grains. 
Gum, 2... eOPP BIA Ae et4.86 
[aaitanvda, so-ia.eccaia. bolle B40. 
Red powder’. ...00ieis ees 1440 
‘Saline crystals... 0. ee 720 
') Brownish matter .....5.... 4076 


eee 


Total ..... 4; 5024 


The gummy. matter and gluten A very nearly the 
properties’ of these Mbstiunlebay as described in the last chapter 
of this work. 'The‘red powder is insoluble in water and al- 
cohol, but dissolves readily in alkalies. When distilled it 
yields much oil and ammonia, and little water.. According 
to Fourcroy, it is extractive saturated with oxygen. The 
nature of the saline matter was not determined in a satifactory 
manner. The brownish matter which remained dissolved in the 
diluted alcohol, being by far the most abundant and important 
ingredient, was examined with particular care. From the 
experiments of Fourcroy, it appears to _approach nearest to 
extractive in its properties. 

Its colour is reddish-brow mp, and its taste very bitter. When 
dry it appears black, is very brittle, and breaks with a vitreous 
fracture. It is insoluble in cold water, but. dissolves very 
readily in that liquid when heated, precipitating, however, in 
part, as the water cools. But if one part of it be dissolved 
in 24 parts of hot water, no portion of it precipitates. If 
lime water be dropped into this solution, it throws down a 
reddish powder, redissolved by the addition of a sufficient. 
quantity of water. Muriatic acid precipitates nothing from 
this solution. The brown matter dissolves readily in ieoHOR 
if it be previously reduced to powder. When distilled it gives 
out carbonic acid and inflammable air, water impregnated 
with pyromucous acid, and a quantity of oil. The watery 
portion contains likewise ammonia. The charry residue is 
very bulky, ten times as much so as the original matter. 

When chlorine gas is passed through this extractive sub- 
stance dissolved in water, it becomes immediately reddish, and 
then a precipitate of the same colour gradually falls. This 
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precipitate possesses exactly the properties of the red powder Chap. tt. 


obtained from the’ decoction of the bark ; a proof that this red 
powder is merely the brown extractive altered in its properties 
If the current of chlorine gas 
be continued, the whole liquor gradually loses its colour, oid 
also becomes a pale yellow. «If it be separated 
in this state by filtration, it assumes the appearance of gam- 
boge. Alcohol dissolves it, but not a mixture of alcohol and 


by the absorption of oxygen. 


the precipitate 


water.* 


- 2. Bark of cinchona officinalis:—This tree grows in Quito; Peruvian 


itis confined to the high grounds, and witen stripped of ‘its 
There are three different kinds of Lark to be 
found in commerce, but whether they be all obtained from the 
same trees is not known; the contrary is probable. 
lowing are the most pom aRABTS of these varieties. 


bark soon dies. 


Red Peruvian bark.—This bark ‘is’ usually in large: pieces, 1. Red. 


and is reducible to powder with more ease than the preceding. 
Its powder is reddish-brown, and has a slightly bitter taste, 
with a good deal of astringency. 


croy likewise for the analysis of this bark. 


Water in which the powdered bark is 
the property of reddening vegetable blues, and contains a por- 
tion of citric acid, some muriate of ammonia, and muriate of 
lime. When 576 parts of the bark are boiled repeatedly in 
water till that liquid ceases to have any action on it, the water 

acquires a reddish orange colour, and when evaporated to dry- 
ness leaves a residue which amounts to 88 parts. 
tains a small portion of the acid and salts just mentioned, but 
matter which possesses nearly the proper- 
When the residual bark is treated with a 
sufficient quantity of alcohol, that liquid takes up 24 parts of. 
a substance which has a red colour, and appears intermediate 
and extractive. The residue of the bark pos- » 
sesses the properties of woody fibre. 


consists chiefly of a 
ties of extractive. 


between resin 


_ twelve parts of a grey ash, consisting of 


Carbonate of potash ...... “LO 
Muriate of potash i....... 0°6 
Sulphate of potash........ O°5 
Carbonate of lime ...... Eee, 

12°0 


* Fourcroy, Ann. de Chim. viii. 120. 


€ 


We are indebted to Four- 


macerated, acquires 


When burnt it leaves 
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Such is the result of Fourcroy’s analysis.* Subsequent ex- 
periments have detected a portion of resin and of bitter prin- 
ciple. The presence of tannin in small quantity was indicated 
by the property which the decoction showed of striking a black 
with sulphate of iron. The bitter principle seems to belong to 
the second species, or that which was first observed in coffee. 

Yellow Peruvian bark.—This species of bark, first brought 
into use in this country about the year 1790, has not yet been 
subjected to a rigorous analysis; but its constituents do not 
appear, from the trials which have been made, to differ much 
from those of the red species. M. Dechamps has published 


a method of extracting from it a considerable quantity of an _ 


undescribed salt with base of lime, which Vauquelin has shown 
to be kinate of lime. It is white, and crystallizes in plates. 
The process consists in macerating the bark in a sufficient 
quantity of cold water, in concentrating the liquid, and setting 
it aside to spontaneous evaporation. The crystals gradually 
separate, and are purified by repeated crystallizations. The 
quantity procured amounts to about seven parts for every, hun- 
dred of bark employed.+ 

Pale Peruvian bark.—This is the common variety of the 
bark. It has not yet been subjected to a correct chemical ana- 


lysis. Its taste is astringent and bitter, and very disagreeable. _ 


It is supposed to contain bitter principle, tannin, extractive, 
and resin. Besides these, it contains a principle first pointed 
out by Seguin, and upon which Dr. Duncan junior published 
some experiments. It is distinguished by the property of pre- 
cipitating infusion of galls; but as this property is common 
to a considerable number of substances, it is not sufficient 
alone to characterize it. 

3. Bark of cinchona Carribeea—This bark was first made 
known by Dr. Wright, who published a botanical description 
of the tree, with a foure, 1 in the Philosophical ‘Transactions ;-§ 
and an account of the medicinal properties of the bark in the. 
London Medical Journal for 1787.|| A description of a tree 
to which the same name is given, together with a chemical 
analysis of the bark, was published in the Journal de Physique 
for 1790** by M. Vavasseur ; but it is not quite certain that 
the plants are the same. 


* Ann. de Chim. viii. 174. + Ibid. xlviii. 65. 
t Nicholson’s Jour, vii. 226. § Vol. Ixvii. p. 504. 


\| Vol. vill, 239. PPV Ol. XXEVIe Ps S41. | 
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4. Vauquelin.has examined all the different species of cin- chap. 1. 
-chona, or Peruvian bark, which he could procure, in order to 
determine, if possible, how far they differ from each other, 
and what the constituents are that act as febrifuge. * 
They may be divided into three sets:  Speeles of 
_ I. The infusions of the first set precipitate the infusion of ne 
nutgalls, but not that of glue. 
II. The infusions of the second set precipitate glue, but not 
the infusions of nutgalls. 
III. The infusions of the third set precipitate at once glue, 
nutgalls, and tartar emetic. 
The following table exhibits the effects of the different re- 
agents upon all the barks tried. As Vauquelin has not given 
the botanical name in all cases, it is difficult, notwithstanding 
his descriptions, to ascertain the real names of the different 
species tried. Indeed, there is reason to believe that the same 
species occur in different parts of the table under different 
names: 


Precipitate ] Precipitate Ditto by tartar 
Barks. by glue. by tannin. emetic. 
Yellow bark ........|White. Copious. 
Quinquina of S* Fé. . | Reddish. |Copious. 0 
Grey quinquina ......|White. |Ditto. _|White. 
Quinquina gris canelle .| Brown. 0 vitae 5 
Red quinquina vbene | Red. 0 Yellowish white. 


Grey quinquina ......|White. Yellow. |Ditto. 
Quinquina gris plate ..| 0 0 
Cinchona pubescens ..| 0 Yellow. {Yellowish white. 


Cinchona officinalis...) 0 Ditto. 0 
Cinchona magnifolia ..'Copious.| 0 0 
Quinquina pitton vrai..| 0 Copious. |Copious. 
Barks brought from Peru by Humboldt. 
Quinquina of Loxa. ..|Copious. |Copious. |Copious. 
Quin. white of S* Fé. ata 0 0 
Quin. yellow of S*Fé..) 0 Copious. |Copious. 
Quin. red of Sta Fé. ../Copious. 0 0 
Q. yellow of Cuenca . JH Ni oO 0 0 
Quinquina, ordinary ..|Copious. |Copious. |Copious. 
Infusions of nutgalls .. peep iene Yellow white. 
Oak bark............|Ditto. 0 
Cherry-tree , bark . ) 12,0 0 


All the barks strike a green with iron, and the most of them 
precipitate it of that colour. 


= Pays de Chim. lix. 113. 
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The substance in these barks which precipitates tannin has 
a'brown colour and a bitter taste; it is less soluble in water 
than in alcohol. It precipitates: tartar emetic, but not glue. 
Tt has some resemblance in its properties to the resins, though 
it gives out ammonia when distilled. 

- 5: Bark of croton'eleutheria—This bark constitutes the eleu- 
theria and cascarilla of the shops. It is usually in rolled 
pieces, and has some resemblance to Peruvian bark. © It has 
an aromatic smell, and an agreeable bitter taste. When burnt 
it emits an aromatic odour resembling that of musk. For the 
only chemical analysis of this bark hitherto published we are 
indebted to’ Professor —Trommsdorf ; 4696 parts of it yielded 
him the following products.* 


, Mucilage and bitter principle.. 864 parts 
WESCSUDM ae 8 Sia ieba Es Wai Ul ot WS 
VOlAtIe Ob: va ass a aaigue alain) ij Re. 
NVVALET (ar aalahbcste pe sles Malka ibesiitte Oa ah i 
Woody. fibres ..............3024 


4696 
6. Bark of the white wills (saliar alba). —The bark of this 


tree, which is common enough in Scotland, is remarkable for 
its astringent taste, and has been often used in intermittents by 


the common people. It has lately been proposed by Bouillon _ 


La Grange as an excellent substitute for Peruvian bark ; being — . 


composed, according to him, of the very same constituents to 
which that bark owes its medicinal virtues. A very superficial 
examination, however, may satisfy any one, that the properties 
of the two are very far from similar. 

The decoction of this bark has a dark-reddish colour ; and, 
according to Bouillon La Grange, when repeated decoctions 
are made with the same portion of bark, the last is always 
deepest coloured. It is precipitated abundantly by glue, car- 
bonate of potash, and carbonate of ammonia. Lime-water 
throws down a precipitate, at first blue, and afterwards bufl- 
coloured. Sulphate of iron throws down a very dark-green 


precipitate. Alcohol separates white flakes. When evaporated — 


to dryness, a reddish brittle substance remains, which has a 
very bitter taste, and does not attract moisture from the at- 
mosphere. 


When alcohol is digested over this bark, it acquires a green- 


# Ann. de Chim. xxii. 219. 
6. 
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ish-yellow colour. The tincture is rendered muddy by water. 
When evaporated, it leaves a brilliant yellow substance of a 
very bitter taste, which melts at a moderate heat, and emits an 
aromatic odour.* : 

These experiments indicate the presence of tannin, bitter 
principle, extractive, and gluten, in this bark. 


Chap. {f. 


7. Bark of quercus nigra.—This tree, to which the name of Quercitron. 


quercitron has been given, grows spontaneously in North Ame- 
rica. Dr, Bancroft discovered, about the year 1784, that the 
inner bark of this tree contains a great quantity of colouring 
matter ; and since that time, it has been very generally used 
by the dyers. ‘Io prepare it for them, the epidermis (which 
contains a brown colouring matter) is shaved off, and then the 
_ bark is ground:in a mill. | It separates partly into stringy fila- 
ments, and partly into a fine light powder. 

Quercitron bark readily gives out its colouring matter to 
water heated to the temperature of 100°... At that heat water 
dissolves about ;!,th of the bark employed. The infusion has 
a yellowish-brown colour, and is rendered lighter by acids, 
and darker by alkalies. Alum occasions a scanty precipitate 
of a deep-yellow colour ; muriate of tin a copious bright-yel- 
low precipitate ; sulphate of iron a dark-olive precipitate ;. and 
sulphate of copper a precipitate of a yellow colour, inclining 
to olive.t From these experiments it is obvious, that the co- 
_douring. matter of this bark is:a species of extractive. The 
_ other ingredients have not been examined. ! 

8. Bark of the esculus hippocastanum .—The bark of i, 
tree, which forms so fine an ornament in parks and avenues, 
has lately been, pr oposed in Paris as a remedy in intermittents, 


Horse-chese 
nut. 


and a set of observations on it have been published by Mr. © 


Henry.{ Water or moderately strong spirits are the best sol- 
vents of it, Strong alcohol nee la but little. The watery 
infusion has a ah colour and a. bitter taste, without astrin- 
gency. It is precipitated abundantly by gelatine, and sparingly 
by acids. It precipitates iron green. With nitrate of mer- 
cury it forms a copious precipitate. The infusion of nutgalls 
and tartar emetic produce no effect upon it. From these pro- 
perties it is obvious that it differs entirely in its constituents 
from the different ppecies of cinchonz examined by Vau- 
quelin. 
* Ann. de Chim. liv. 290. 


+ Berthollet, Elemens de l’Art de la Taintivens ll. 262. 
{ Ann, de Chim. Ixvii, 205. 
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9. Cinnamon.—This is the inner bark of the laurus cinna- 
momum, a tree which grows chiefly in Ceylon, where it is cul 
tivated for the bark. 

This has a reddish-brown colour, and consists-of long rolled 
pieces which break into splinters. It has a very pleasant aro- 
matic smell, and a pungent but agreeable taste. Its properties 
are owing entirely to the volatile oil which it contains. This 
oil may be separated by infusing the bark in alcohol, and then 
separating the alcohol from the oil by distillation. It has a 
whitish-yellow colour, and an extremely pungent taste and 
smell. The quantity yielded by cinnamon is very small. From 
16 ounces of bark, Neumann obtained only two scruples and 
a half of oil. When water is distilled off this bark, it comes 
over milky, from the accompanying oil, which it retains with 
great obstinacy; very little separating till the mixture has 
stood a very considerable time.* 

10. Anthemis pyrethrum, or Pellitory of Spain. This plant 


when chewed excites a burning sensation in the mouth, and 
écasions a copious flow of saliva. It was examined by M. 


Gautier, with a view to ascertain the nature of the substance 
which occasions this peculiar sensation. He found it to be a 
peculiar fixed oil residing in the bark, and which on a close 
inspection may be seen lodged in it in minute vesicles. This 
oil has a reddish colour, a strong smell, is insoluble in water, 
solid while cold, but melting when heated. The following are 
the substances which Gautier extracted from the pyrethrum : 


Volatile oil .....eeeceeeee Lrace 
Hined OU eT ha teks cae eas CHD 
Yellow colouring matter.... 14 
CUM eigacucese ts ses ce eCeE 
Daalih Gi w ee ee alee oe 
Muriate of lime .......... Trace 
Lignin’ caches «dese ser Go 


98+ 


* Neumann’s Chemistry, p. 402. 
t Annals of Philosophy, xiii. 69. 
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Tue leaves of plants bear a greater resemblance to each 
other than any of the parts already treated of. They are 
covered only with an epidermis; the cortical layers of the 
bark being wanting. Below the epidermis is a pulpy matter, 
usually green, which contains a resinous substance and a por- 
tion of gluten. Below this is the fibrous matter, or rather the 
vessels which form the outline of the leaf. Alcohol extracts 
the green colouring matter of leaves, and so do oils but not 
water. It is remarkable, that even those leaves which are 
not green still give ‘a green tincture to alcohol. The green 
colour soon fades when exposed to air, either in solution, or 
separated by evaporation.* Many leaves give a yellow co- 
Tour to cloth, which may be fixed by means of alum. Hence 
the much greater number of yellow dyes than of any other 
colour. The leaves of woad (reseda luteola) are those which 
- give the finest yellow, and they are much employed by the 
dyers on that account. 

No extensive series. of chemical experiments having hitherto 
been made upon leaves in general, I must satisfy myself with 
noticing the few specimens which have been examined by 
chemists. ‘The following are the most remarkable of these. 
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1. Senna.—This drug, much used in medicine as a mild Seana. 


purgative, is composed of the leaves of cassia senna, a small 
shrub which grows chiefly in Egypt, from which country it is 
imported into Europe. It has been chemically examined by 
Bouillon La Grange. 

The leaves are lanceolate, of a yellowish-green colour; an 
aromatic and somewhat disagreeable odour, and a bitter taste. 
Steeped in water, senna communicates to that liquid its 
peculiar smell and taste, and a reddish-brown colour. The 
strong mineral acids, oxalic acid, and the alkaline carbonates, 
throw down a precipitate; so do barytes water, and the 
nitrates of mercury, silver, and lead. The infusion of galls 
strikes a yellowish-buff colour, and throws down a slight pre- 
cipitate. Alcohol throws down a precipitate, which, if we 
believe Bouillon La Grange, is composed of about 5 parts of 
carbonate of lime and 1 part of silica. The residual liquor 


* Lewis, Neumann’s Chem. p. 434. 
+ Ido not clearly understand this part of the analysis. ‘The precipitate 
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Book Iv. contains extractive, with some salts, whose bases are potash 


Worm- 
woud. 


and magnesia. 


_ When the infusion is exposed to the air, a substance pre-— 
cipitates from it. A precipitate is obtained also by chlorine. a 


This precipitate is of a lemon-yellow colour, insoluble in water, 
has a bitter taste, dissolves in alcohol and alkalies, and, in 
short, possesses the characters of resin. 

The chief matter taken up from senna by water is a pecu- 
liar extractive, which is converted into a. species of resin by 
the absorption of oxygen. To this substance the qualities of 
senna are owing. If we believe Bouillon La Grange, its 
activity depends upon its absorbing oxygen. 

A hundred parts of water boiled on senna are sufficient to 
deprive it of all the soluble matter which watery is capable of 
extracting. Alkali separates from the residue a portion of 
matter similar to the extractive, altered by exposure to the 
air. The leaves are now green, and give out a green matter 
to alcohol. This substance is insoluble in water and alkalies, 
and is whitened by chlorine, and rendered less soluble in alco- 
hol. These properties indicate a peculiar substance. 244°6 
parts of senna yield to these different menstrua 79°6 parts, or 
rather more than 1d of soluble matter. When the watery in- 
fusion of senna is evaporated to dryness, and the residue 
burnt, it yields potash, sulphate of potash, carbonate of lime, 
magnesia, and silica.* 

2. Wormwood.—This is the leaves, and likewise the Hass 
and fiower- -tops of the arlemisia. absynt him, a plant which 
grows wild in many parts of Britain. Wormwood has a 
eit smell, rather disagreeable, and an. intensely bitter 


taste. Its smell is owing. to a volatile oil which it contains. 
It contains, besides, a considerable portion of bitter principle. | 


No late analysis of wormwood has been made. The last is 
that of Kunsmuller, + who obtained, by water, from 12 parts 
of wormwood, the following products: 


FBS fake as be a ae SEgmid.c nite eR 
Muriate of potash............ O12 
Vegetable acid ..... ae - 0°50 


Ditto combined with hash. aie ey Bids 


ere 


3*O4. 


is stated to be partly soluble in water and alcohol, and yet to be obtained 
by alcohol. These characters surely do not apply to carbonate of lime and 
silica. ; 

* Ann. de Chim. xxvi. 3.’ +" Thidy yr. 35% 
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The residue, after the action of water, being burnt, left an chap. 1. 
ash, which, from 12 ounces of wormwood, contained the fol- ~~ 
lowing substances: 


Mn iate of potash.... 3-grains 
Sulphate of potash... 1 
Carbonate of lime.... 59 
Alumina ........ woe 8 
Sulphate of lime .... 5 
ROTI ES ae MITE Pa a 
Oxide Prion asia una det 


_, 8. Tobacco.—This substance is formed from the leaves of Tobacco. 
the nicotiana tabacum, a plant which is a native of Virginia, 
where it is cultivated very extensively for the purposes of 
commerce. Its name was given it from Tabaco, a province of 
Mexico, where it was first observed, and whence it was origi- 

nally brought to Kurope.* 

Tobacco, when properly cured, has a yellowish-green 
colour, a strong and rather unpleasant smell, and a very acrid 
taste. When burnt it emits a strong odour, which to many 
is peculiarly grateful. When swallowed, it acts very violently 
upon the system; and when taken in sufficient quantity, 
proves fatal. Vauquelin subjected the leaves of different 
species of nicotiana, particularly the /atzfolva, to analysis. The 
expressed juice contained the following substances : | 

A considerable quantity of vegetable albumen or gluten. 

Supermalate of lime. 

Acetic acid. 

A notable quantity of nitrate and muriate of potash. 

A red matter soluble in alcohol and water which swells con- 
siderably when. heated. 

Muriate of ammonia. — 

Nicotin. 

Green fecula composed chiefly of gluten, green resin, and 
woody fibre. 

4, Asparagus.—This plant has been analysed by Robiquet. asparagus. 
I place the result here rather than any where else, because the 
whole plant was employed, and the leaves constitute the prin- 
cipal part of it. 

M. Robiquet reduced the asparagus to the state of a pulp, 


_ * For a detailed account of the culture and management of tobacco, see 
Tatham’s Essay on its culture and commerce, published in 1800 
+ Ann. de Chim. Ixxi, 139. 
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and separated its juice by expression. A feculous matter was 
separated from this juice by filtration. Boiling alcohol dis- 
solved a portion of this fecula, and left matter which possessed 


the properties of gluten. As the alcohol cooled, a portion of 


wax precipitated. The alcohol, by evaporation, left a green 
acrid matter, intermediate in its properties between resin and 
volatile oil. 

The filtered juice had the appearance of whey, and reddene 
the infusion of litmus. When heated it deposited flakes, 
which were considered by Robiquet as albumen. When left 
for a long time to evaporate in the open air, a quantity of 
asparagin and of saccharine matter, having the appearance of 
manna, separated in crystals. The juice was inspissated, and 
treated with alcohol. A portion dissolved ; the residue was 
dissolved in water. 


The alcoholic solution, when treated with sulphuric acid, 


and distilled, yieldéd vinegar. When this solution was eva- 
porated to dryness and burnt, the ashes consisted of potash, 
carbonate of lime, and phosphate of potash and of lime. 
Hence it was probable that the acetic acid was combined 
with potash and lime. 

The watery solution reddened vegetable blues. ‘The infu- 
sion of nutgalls throws down a precipitate from this solution. 
The residue contains a peculiar extractive matter and a co- 
louring matter; and doubtless, also, asparagin and sugar. 

Such is the result of Robiquet’s very ingenious and inter- 
esting analysis of this substance.* 

5. Atropa belladona, deadly nightshade.—The leaves of this 
plant have been examined by Melandri. He found in them 
oxalate of magnesia with excess of acid, oxalate of lime, 
muriate of potash, a soft green-coloured resin, mucus, extrac- 
tive, and a substance which Melandri called animal extrac- 


tive, no doubt analogous to gluten or albumen.t The leaves | 
of this plant have been examined likewise by Vauquelin. He — 


obtained from them the following constituents : 

(1.) Vegetable albumen, or gluten. 

(2.) A bitter nauseous substance, which constitutes the 
narcotic part of the plant. 

(3.) Nitrate, muriate, sulphate, superoxalate, and acetate 
of potash. } 


* Ann. de Chim, ly, 152. T Ibid. lxv. 222. 
t Ibid. Ixxii. 53, 
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6. Rheum palmatum, rhubarb—The leaves of this plant chap. 11. 
have been examined by Bouillon La Grange, who found 
them to contain a considerable quantity of superoxalate of 
potash and of malic acid.* 
7. Isatis tinctoria, woad.—The leaves of this plant. have woad. 
been subjected to analysis by Chevreul. The expressed 
juice, separated by filtration from the green fecula, with which 
it was mixed, deposited on standing a blue powder, which 
possessed the properties of indigo. When heated, white flocks 
_ separated, consisting no doubt of gluten. . When distilled, the 
liquid that came over yielded traces of a volatile oil, of ammo- 
nia, and of sulphur. When distilled with sulphuric acid, the 
liquid that came over contained acetic acid and prussic acid. 
Evaporated to dryness, and digested in alcohol, it yielded to: 
that liquid a quantity of matter described in the last Chapter 
of this Work, under the Section entitled Of Indigo by the 
name of green matter. It yielded also a yellow-coloured ex- 
tractive, and the following salts; nitrate of potash, muriate of 
ammonia, acetate of potash, muriate of potash, and pure acetic 
acid. The residue thus ‘deprived of the substances soluble 
in alcohol consisted of gum, yellow extractive, supermalate of 
lime, sulphate of lime, anda salt which Chevreul considered 
. as citrate of lime-and-magnesia. The green fecula being ex- 
amined, was found to consist of green coloured resin, wax, 
indigo, gluten, and woody-jibre. ‘The dry matter of the leaves, 
from which the juice had been expressed, yielded woody fibre, 
green resin, wax, indigo, nitre, a red-coloured matter, malate of 
lime, and traces of some other salts.t 
8. The leaves of the indigofera anil, examined by the same Indigofera 
chemist, yielded the same products with the isatis, but the “” 
quantity of indigo obtained was much greater.t 
9. The leaves pee the agathophylium ravensara were found by Agathopy!- 
Vauquelin to contain an oil similar to the oil of cloves, gum, abi a 
and carbonate of lime.§ , 
10. Gratiola officinalis.—This plant was found by Vauque- Gratiola of- 
lin to contain, 1. A brown gummy matter, 2. A resinous ee 
matter, differing from other resins in being Petia in hot. 
water; but much more soluble in alcohol liens in water, and 
having avery bitter taste. It is in this substance that the pur- 
gative quality of the plant resides. 3. A small quantity of 


Rhubarb. 


* Ann. de Chim. Ixvii. 91. + Ibid. Ixvili. 284. 
{ Ibid. p. 305. ’ § Ibid. xxiii. 306, 
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animal matter. 4. Common salt in considerable quantity, 
and another salt which is probably malate of potash. It con- 
tained likewise oxalate and phosphate of lime and oxide of 
iron probably united to phosphoric acid.* 

11. Menianthes trifoliataa—This plant was analysed by 
Trommsdorf. The fresh plant consists of 75 parts of mois- 
ture and 25 of solid matter. ‘Che expressed juice, when 
boiled, lets fall green flocks composed of 75 parts of vegetable 
albumen, and 25 of green resin. The liquid contains disen- 
gaged malic acid, acetate of potash, and a peculiar matter 
which is precipitated by tannin, but not coagulated by heat, 
and which is soluble in alcohol. It contains likewise a bitter 
extractive matter, a brown gum, and a quantity of mulin.+ 

12. Contum oleracea.—An elaborate analysis of this plant 
has been published by Schrader. One thousand grains of it 
yielded the following constituents: ) 


FUXEVBCUIVE 4 su, ali eels nts pare 
CTE are el otal ei inust eee. s oisun Maa Oe 
FROG icp cig'sé bio lb alle, w¥pei pra dal ke 
Vegetable albumen ...... 3° 
Green fecula .....cee+.0- 80 


7T51F | 
13. Brassica oleracea.~—Schrader obtained from 1000 grains 
of this plant the following substances : 


Extractive voi. jek le 2a 
Gam. ea ee es A ees 
este ne, PTX AWA, Qi MOPS 
Vegetable albumen ...... 2°9 
Green fecula’............ 6°39 


nan 


62°08 


14. Chenopodium olidum.—This plant contains uncombined| 
ammonia, to which, in the opinion of M. M. Chevalier and 


Lasseigne, it owes its peculiar smell. ‘The substances ex- 


tracted from the plant by these chemists, were the following: — 


Carbonate of ammonia. 
Albumen. 
Ozmazome. 


* Ann, de Chim. Ixxii. 191, | + Ibid, Ixxx. 330. 
¢ Schweigger’s Jour. v. 19. § Ibid. 
5 
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An aromatic resin. — Chap. If. 
A bitter matter. , 
Nitrate of potash in considerable quantity. 
Acetate and phosphate of potash. 

_-  Tartrate of potash. 

100 parts of the plant yielded 54 of potash.* 

15. Mesembryanthemum crystallinum.—The juice of this Mesem- 
plant is said to be always colder than the surrounding’ air. aca ee, 
Dr. John assures us that on the 13th of September, when he 
was engaged in examining it in Berlin, the thermometer in 
the shade stood at 544°, but when plunged into the sap of this 
plant it sunk to 41°. He found this sap composed of the fol- 
lowing substances : 


31 of its weight of water. 
Lignin. 

Extractive. 

Gum. 

Resin in minute quantity. 
Albumen. 

Green powder. 

Nitrate of potash in considerable quantity. 
Common salt. 

Phosphate of lime. 
Carbonate of lime.+ 


SECT. VIL. 
OF FLOWERS. 


Tux flowers of vegetables, on account of the great variety 
and beauty of their colour, attracted at an early period the 
attention of dyers and painters; but, upon trial, few have been 
found capable of yielding serviceable materials for either of 
these artists. The blue-coloured flowers, in general, readily piue pow. 
give out their colour to water; though there are some from & 
which water gains only a reddish or purplish hue. Scarcely 
any give a blue colour to alcohol: some give a red eolour to 
that liquid, and some. no colour whatever.{ The expressed 


* Annals of Philosophy, xii. 231. 
+ Chemische Untersuchungen, ii. 7. 
{ Lewis, Neumann’s Chem, p. 490. 


246 


PARTS OF PLANTS. 


Book IV. juice of most of these flowers is blue. This colour is changed 


Red. 


Yellow. 


White. 


into red by all acids, and into green by all alkalies and alka- 
line earths. 

The nature of the colouring matter of these flowers is still 
unknown. But whatever it be, it is of a very perishable 
nature; for the flowers cannot be dried without losing their 
colour almost entirely. The more rapidly they are dried, 
and the more completely the air is excluded, the more of 
their colour they retain: but even after that, they mostly lose 
it altogether, and become white or yellow. ‘The expressed 
juice gradually becomes purple, and soon fades altogether. 
Even when reddened by acids, these juices soon become pur- 
ple, and at last colourless. The green colour induced by 
alkalies gradually changes to a yellow, which has some per- 
manence.* 

The colour of the red flowers, 1n gener al, is desheay more 
permanent than the blue. They all give out a red colour to 
water. The pale-red and purple flowers scarcely tinge alco- 
hol; resembling in this respect the blue flowers, to which in- 
deed, in point of colouring matter, they seem to approach 
very nearly. ‘The flowers, which have a full red colour, give 
a deep-red tincture to alcohol; the pale-red are tinged green 
by alkalies, and their red heightened by acids, like the blue 
flowers; but this is not the case with the full red flowers.+ 

The colour of the yellow flowers, whether pale or deep, is 
much more durable. ‘They, in general, dry very well, and 
give out their colouring matter both to water and alcohol. 
When wool or silk is previously impregnated with alum and 
tartar, it receives a durable yellow colour when boiled with | 
yellow flowers. Some of them, indeed, appear to be used by | 
dyers for this purpose. Neither acids nor alkalies destroy the 
yellow colour of flowers, though both alter its shade; the acids 
rendering it paler, and the alkalies deeper. Alum likewise 
heiahivene the colour, though not so much as alkalies. t 

Even white flowers are by no means destitute of colouring 
matter. Many of them strike a green with alkalies, though 
acids do not turn them red. Some of them seem to contain 
the same colouring matter as yellow flowers. ‘Thus the petals 
of the poraatpalins sepum, though white, give a deep-yellow 
or orange colour to water, which is rendered paler by acids,” 
and heightened by alkalies and alum. The vapours of sul- 


* Lewis Neumann’s Chem. p. 481. ¢ Ibid. { Ibid. 
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phurous acid do not alter white flowers, though they destroy Chap. 1 
A alist 


the colour of all others.* 

For these curious observations on the colours of flowers, we 
are indebted to Dr. Lewis. Most of them contain a peculiar 
volatile oil, to which they owe their smell. Their other con- 
stituents remain still unknown, as few of them have been sub- 
jected to chemical analysis. ‘The following are the species 
which have hitherto attracted the attention of chemists or 
artists : | 


1. Flowers of the carthamus tinctoriuvs.—This is an annual Carthamus 


plant, cultivated chiefly in Egypt for the sake of the flowers. 
The petals are originally of a fine red, but lose much of their 
colour on drying. It is from this substance that the rouge, 
or red pigment, employed by the ladies, is extracted. "When 
the flowers have come to maturity, they are pulled, their juice 
expressed, the residue washed repeatedly with salt water, and 
exposed upon mats to dry. Care is taken to cover them from 
the action of the sun during the day, and to expose them to 
the action of the evening dews, in order to prevent them 
from drying too fast. In this state they are brought to Eu- 
rope under the name of safflower, and the colouring matter is 
extracted from them by different artists. ‘The process has 
been kept secret. 

Beckmann published a very elaborate set of experiments 
on the flowers of the carthamus, in 1774.+ Little addition 
was made to our knowledge of this substance after that period, 
till 1804, when Dufour published an excellent analysis of it ; t 
and his observations have been since confirmed by those of 


- Marchais. § 


einctorius. 


The flowers of the carthamus contain two colouring mat- Analysis, 


ters: a yellow, which is soluble in water, and has hitherto 
been applied to no use; and a red, which is employed by the 
dyers, &c. and which constitutes the pigment called rouge. 
The yellow-colouring matter dissolves readily in water; but 
it is very difficult by that means to separate the whole of it. 
The method followed by Dufour was to put the carthamus in 
a linen cloth, and knead it continually between the fingers, 
while a streamlet of water dropped upon it. By continuing 
this process, and then steeping it in water, it assumed a fine 


* Lewis, Neumann’s Chem. p. 432. 
+ In the Gottingen Transactions for that year. 
{ Ann. de Chim. xlviii, 283. § Ibid 1.73. 
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pooktv, red colour. .The liquid which passed, after being filtered to. 
\~— separate some portion of the carthamus, and some impurities 
with which it was mixed, had a yellow colour.. When heated 
to about 145°, a number of flakes formed in it, consisting of 
albumen, or rather of gluten.. These were separated by fil-. 
tration, and the liquid evaporated to dryness. The extract, 
obtained had a yellow colour and a strong taste. Water dis- 
solved the whole of this extract, except a portion of brown. 
matter, which possesses the properties of resin. The watery 
solution gives a red colour to vegetable. blues, and is pre- 
cipitated abundantly by infusion of galls, but not by, glue.. 
Chlorine destroys the yellow colour, and renders it white. 
When evaporated to dryness, and treated with alcohol, a 
» portion dissolves, and a portion remains undissolved. The. 
soluble portion is chiefly extractive: the insoluble yellow-. 
colouring matter. 

When the residual carthamus is digested for a saicied 
time in alcohol, that liquid assumes a brick-red colour. When 
this alcoholic solution is sufficiently concentrated by evapora- 
tion, a matter separates in grains, which has the appearance 
of honey, and possesses properties analogous to those of wax. 
Scarcely any colouring matter could be procured from the 
alcoholic solution. | 

Dufour, after various unsuccessful attempts to obtain the 
red-colouring matter of carthamus in a separate state, at last 
succeeded by the following process, founded on the strong 
attraction between the red matter and cotton. Having de- 
prived the carthamus as much as possible of its yellow-colour- 
ing matter, by means of water, he macerated it for an hour 
in a weak solution of carbonate of soda. He then decanted 
off this solution, put into it a quantity of cotton, and then 
dropped into it lemon-juice, till the liquid acquired a fine 
cherry-red colour. After standing 24 hours, the liquid lost 

its red colour, the whole colouring matter having united with 
the cotton and dyed it red. ‘The cotton was taken out, and 
washed repeatedly in water, to separate any of the yellow- 
colouring matter which might have adhered, It was then put 
into a very diluted solution of carbonate of soda. This alkali 
separated the colouring matter from the cotton, dissolved it, 
and assumed a yellow colour. The cotton being removed, 
and lemon-juice dropped into the solution, a fine rose-coleur- 
ed powder gradually separated, and at last precipitated. This 
was the red-colouring matter, 
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From this process, we see that the red-colouring matter has 
a stronger attraction for cotton than the yellow, and that by 
means of cotton the two pigments may be separated. We 
see, too, that it is soluble in alkaline carbonates, but pre- 
cipitated by acids. ‘The alkalies dissolve it also but alter its 
nature. The solution of it in the alkaline carbonates is yellow. 
It is insoluble in water. Alcohol dissolves it readily, and 
assumes a fine rose-red colour. When this tincture is heated, 
it assumes a shade of orange. It dissolves likewise in ether, 
but not well. The oils, both fixed and volatile, have no 
action on it. When distilled it yields very little water, scarcely 
any gases, a little oil, and a portion of charcoal equal to +d of 
its original weight. When this charcoal is burnt, no sensible 
portion of ashes remains behind. rom these properties, for 
which, as well as for almost all the other facts respecting car- 
thamus, we are indebted to Dufour, it appears that the red~ 
colouring matter of the carthamus differs from every other 
known vegetable substance. 

When the carthamus has been deprived of its colouring 
matter, the residue consisted chiefly of woody fibre and some 
earthy matter. The following table exhibits the constituents 


of 1000 parts of carthamus,, according to the experiments of 
Dufour. 


Moisturetiinvis d hiiweies ok soa. 901162 
Sand and sts par tilde of the plant 34 
Glusenisiiiesies Here Denies te ies 


Yellow colouring matter ........ 268 
ixtractives sia ial chee 2 


SIN AIN oule eee eS PES UB 
Washi iin : ae pars 
Red colouring matter ..... Picea 
Woody fibres pists 3% Oe ~» 496 
Alumina and magnesia ...... ekg TNS 
Red oxide of iron ...... ole meatal! sith 'Q 
soe TA a a ag eA rs te be 2 
PRES ee ae ae ay HORE 7 
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If we believe Marchais, a considerable portion of what was 


considered by Dufour as woody fibre is in reality albumen. 

2. Flowers of the arnica montana.—These flowers have been 
employed in medicine, especially in Germany, where their 
yirtues haye been much celebrated. They have a yellow co- 


Arnica 
montana. 
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Book IV. Jour, a bitter and sharp taste, and a very weak aromatic smell. 


paffron. 


When macerated in water, the liquid acquires a brown colour 


‘and a bitter taste. It reddens the infusion of litmus, does not 
form a precipitate with glue, and does not alter the solution 


of tartar emetic. With sulphate of iron it strikes a deep 
green, which passes into black on drying. The mineral acids 
occasion brown precipitates, but the alkaline carbonates pro- 
duce no change in it.* 

When the flowers are macerated in alcohol, the liquid ac- 
quires a yellow colour. It reddens vegetable blues, strikes a 
green with sulphate of iron, and becomes milky when mixed 
with water. When this tincture is distilled, the alcohol which 
comes over has a bitter taste, but does not alter vegetable 
blues; while the liquid which remains in the retort is very 
acid, precipitates with water, and strikes a green with sulphate 
of iron. When evaporated to dryness, a bitter acid powder 
remains, seemingly of a peculiar nature.+ 


When distilled, the flowers of the arnica yield a yellowish 


acid liquor, which strikes a black with sulphate of iron. This 
liquid is covered by a quantity of oil. When these flowers 
are burnt, the residual ashes contain potash, carbonate of 
potash, and muriate and sulphate of potash. { 

These flowers have been lately subjected to a chemical exa- 
mination by MM. Chevallier and Lassaigne, who extracted 
from them the following substances : 

A-resin having the odour of arnica. 

A bitter nauseous substance resembling the emetic sub- 
stance from the cytisus laburnum. 

Gallic acid. 

A yellow colouring matter. 

Albumen. 

Gum.° 

Muriate and phosphate of potash. 

Traces of sulphates. 

Carbonate of lime. 

Silica.§ | 

3. Saffron.—This yellow pigment is composed of the pistils 
of the crocus sativus. ‘The flowers of this plant are of a pur- 
plish-blue colour, but the upper part of the pistil is of a deep 


* Bouillon La Grange, Ann. de Chim. lv. 38. 
+ Ibid. lv. 39. t Ibid. 
§ Annals of Philosophy, xvi, 90. 
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orange, and divided into three fleshy filaments. These are Chap-1. 
carefully picked out, dried, and pressed into cakes. bie 

Saffron is in long broad filaments of'a deep-red colour with- 
out any yellow; drbaeravely dry, yet flexible and soft, and 
difficultly reduced to powder. It has a strong agreeable 
smell, affecting the eyes, and drawing tears from them, and a 
pungent, and somewhat bitter taste.* 

Hitherto saffron has not been subjected to a correct chemi- 
cal analysis. From the experiments of Neumann, it does 
not appear that any volatile oil can be ‘procured from it by 
distillation. It is probable, however, that it owes its strong 
smell to such a principle, though in too small a quantity to be 
easily obtained separate. ‘The colouring matter of saffron is 
equally soluble in alcohol and water; and is the substance 


called polychroite by Vogel. 


SECT. VIII. 
OF POLLEN. 


Tue anthers of most vegetables, at the time that the flower 
is in perfection, is covered with a considerable quantity of a 
powdery matter, usually of a yellow colour, which, falling 
upon the pistil, is supposed to impregnate it. ‘This matter is 
known by the name of pollen. In some plants, especially 
those in which the male and female flowers are separate,. the 
quantity of it is so great, that it may easily be collected. 

The first person ko examined this powder was Dr. Lewis; Experi- 
but in his time chemistry had not made sufficient progress to tewis if 
enable him to make a complete analysis. He found that al- 
cohol, in which it is macerated, acquires a bright yellow co- 
lour, and that water takes a duller yellow, while the undis- 
solved portion is of a yellowish-white colour. ‘The colour of 
these infusions is heightened by alkalies, and turned red by 
acids. When alkalies are dropped into the reddened solu- 
tion, a deep yellow colour is restored.+ 

Fourcroy and Vauquelin have published a detailed analysis 
of the pollen of the phanix dactilifera, or date tree, which 
may be considered as furnishing a pretty correct view of the 
properties of this class of vegetable substances. At least it is 


* Neumann, p. 401. ¢ Neumann’s Chem. p. 231. 
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probable, that the pollen of different vegetables does not dif- _ 


fer nearly so much from each other as the other parts of plants, 

The pollen of this tree is so abundant, that at the season 
of fructification, it surrounds the plants like thick dust. The 
specimen examined was brought from Egypt by Delisle. Its 
colour was sulphur-yellow, its taste was sourish and unplea- 
sant, it reddened the infusion of litmus, and communicated 
to water a yellow colour, and a sensible degree of acidity. 
The watery infusion was precipitated by lime water and am- 
monia, by alcohol, and by some metallic salts. 

When pollen was washed in cold water, that liquid ac- 
quired a reddish-brown colour, a sourish taste and smell, not 


unlike that of beer. When evaporated, the liquid left a 


reddish-brown matter, which had the consistence and odour 
of melasses ; its taste was acid, but disagreeable. Cold alco- 
hol produced no effect upon this matter, but by the assistance 
of heat it dissolved a portion of it, and assumed a dark co- 
lour. ‘The residue had more consistence, and was less colour- 
ed. It dissolved with facility in water, allowing at the same 
time a greyish bulky matter to separate. Thus the matter 
taken up by the watery infusion from pollen has been divided 
into three portions. 

The alcoholic solution being concentrated by evaporation 
to the consistence of an extract, had:a red colour, the odour 


of baked apples, and a taste strongly acid, but disagreeable. 


¥nsoluble 
parts. 


It presented all the characters of malic acid. The grey mat- 
ter, which refused to dissolve in water, possessed the properties 
of phosphate of lime. 

The aqueous solution was ascertained to consist chiefly of 
phosphate of magnesia, malic acid, and an animal matter, 
which formed a copious precipitate with the infusion of nut- 
galls. 

The pollen, thus deprived of its soluble matter, being eX- 


posed on filtering paper to the open air for a week, instead of © 


drying assumed ‘the form of a paste, and ran rapidly to putri- 
faction, emitting an odour similar to that of old cheese. 
When dried, this matter became semitransparent, and of a 
consistence resembling that of glue. Before being dried it 
mixed readily with water, and exhibited the characters of 
soap. The fixed alkalies showed the presence of ammonia 
in it. When distilled there came over a watery liquid, which 
gradually became coloured as the distillation advanced : some 
time after there came over a red coloured oil and carbonate of 
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ammonia, partly in crystals, and partly m solution, The Chap. 1. 
liquid also contained a portion of the oil in the state of a 

soap. ‘The charcoal left was voluminous, and difficult of 
incineration. When burnt it left a considerable portion of 
phosphate of lime. 

The pollen is partly soluble in muriatic acid. The nitric Action of 
acid reduces it to a paste, azotic gas is disengaged, and after- a 
wards, on the application of heat, nitrous gas and carbonic 
acid. A yellowish oil separated and swam upon the surface, 
and alkalies separated earthy phosphates and oxalates. When 
the liquid was evaporated. to dryness, it left a yellowish-red 
matter, extremely bitter, tenacious and adhesive, and perfectly 
soluble in water. This matter, from the description of it, 
must have been a species of artificial tannin. ‘Thus it appears, 
that by the action of nitric acid, the portion of the pollen 
which is insoluble in water is converted into oil and artificial 
tannin. The oily matter became solid on cooling, and pos- 
sessed almost exactly the proper of tallow treated with 

nitric acid. . 

Strong alkaline leys ditwolie the pollen, and assume with it 
the properties of soap, while ammonia is disengaged. 

When the pollen, mixed with water, is set aside to ferment, 
it disengages the odour of new cheese, and assumes the form 
of a tenacious mass. Its taste is extremely sharp; it contains 
abundance of ammonia, partly united to oil, and partly to 
malic acid. From all these phenomena, there is reason to 
believe that the insoluble part of the pollen approaches vege- 
table gluten in its properties; or rather, that it is intermediate 
between gluten and albumen. 

Such are the properties and constituents of the pollen of the 
- date tree, as far as they have been ascertained by Fourcroy 
and Vauquelin.* We may conclude from them, that it ap- 
proaches very much to the nature of animal matter. 

Professor Link has examined the pollen of the hazel nut. poten of 
It differs a good deal from that of the date tree just described. °°" 
He found in it tannin in great abundance, a resin, a good 
deal of gluten, and a little fibrin.j The pollen of the tulip, 
which has been carefully analyzed by Grotthus, is also very 
different from that of the date tree. He could neither detect 
in it phosphorus nor poverty: From 26 grains of it he 
extracted 


* Ann. de Mus. d’Hist. Nat. 3. 417. + Ann. de Chim. Ixii. 292. 
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Vegetable albumen ....s.ee cece eee enceeeesees 20°25 
iste of lime with trace of malate of magnesia. 3°50 © 
Malic acid e@eees#e?e coc eeC oe en eee een eereeoseeseeeee 1:00 


Malate of ammonia 
Colouring matter ees eeuevoee eoeoeoeevee ee oeesee88 6 @ i eo), 


Saltpetre? ...sesee 


26:00 * 
The pollen of the pinus sylvestris or Scotch fir, according to 


‘the analysis of John, is composed of 


OTIS Eas SE BOI ENE LNs TR » 2°00 

ib ive se Lee. ae Bish BA {itnos lantesiien'sh leads bllneale 

Brownish-yellow, resin j:e'ejep0:»j a0 jane sie b/s syereceiaye bes 3°75 

Malates of potash, lime, and magnesia, with some 500 
ITUUIAE | grate 's «ste un tis te Cit dua .le a 9 as OEE 

Sugar, WILK a LPACe OL, CXLEACUVE ce eg se sca cee. ee 

Albumen . my Pa ee tart sy Tabac ee ys ose | a eee 


Polen ee eV RP PO a Pe ee Pes 


Sulphate 


Muriate = of potash 
Phosphate Siseyiayid js hie sahil igt veh eet ene 


Phosphate of lime .... 

COXIG@ OLIN, . pias lots pace \ 
TMeatiter BERT RNT Sat AAP enntttas SOL seee eRe Re Trace 
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100°00 
The constituents of the pollen of the pinus abies he found 


as follows: 


a eGR LI ORIG 3° I REI Roig 295 


CMA EL PEG, Pree eee eee eee ee eee eee ns Trace 

Brow nish-yellow Tesuue i. GAs SLs etn eee .» 4°00 

Malates of potash, lime, and magnesia, with some ; 
gum eeoee#s eeete eeeeeeseterveeeeeeeeoeeeoeees@ 6°00 


ULE 16 + ne thls 0h OW eee AY ole nie ST Ai ae 
MUS ET ACLAVE: 6 vn oub, ale niobe acu ctaletil as snc ue tiie bebe clad ct Rae 
‘AVOTiMen sa nies sree iiathcals aie 'ech pote cae ec ait ann ae nae 
Pollet Fh eee a ee rere ets Se cian hea, 
Sulphur Pay. coud Aa PAY TUTE oe, POOL oe 
Malate of ammonia.... 7) 


Sulphate shies 
Muriate } of potash aiid 
Phosphate eeecoeovenves ee eeeves J 
Phosphate or tee 
Oxide oF Iron. ae rs 


100°00 
* Schweigger’s Jour. xi, 281. 
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The pollen of juglans regia, cannabis sativa, xea mays, and Chap. 1. 
of tulips, was likewise examined by Dr. John, and found to 
contain nearly the same ingredients, though not in quite the 
same proportions.* 


SECT. IX. 
OF SEEDS. 


Tur seeds of vegetables, constituting one of the most im- 
portant articles of food, and being the materials from which 
a variety of useful substances are procured, have been more 
subjected to chemical experiments than any of the other parts 
of plants. . 

They all contain a considerable portion of starch, though constitu. 
this matter differs somewhat in its properties in different seeds,” 
Gluten is likewise a common ingredient, but extremely various 
both in its quantity and in its appearance. Some seeds contain 
a saccharine matter, as those of the /ycopodium ; but the quan- 
tity is always small, and its properties are hardly ever the same 
as those of true sugar. Fixed oil is also a common ingredient. 
In the seeds of the grasses, the proportion of it, if any can be 
detected, is always small: the same remark applies to the seeds 
of the papilionaceous plants; but the seeds of the cruciform 
plants abound in a limpid and nearly insipid oil. In some 
seeds a volatile oil is present, but this is not common. Some 
possess a peculiar colouring matter; some possess a portion of 
bitter principle, as the seeds of the common broom and of the 
coffee plant. 

Saussure junior has shown that wheat, and probably every 
other kind of corn, yields a quantity of phosphorus, if it be 
charred in a moderate heat, and the charcoal be afterwards 
violently heated in a porcelain retort. He has shown that 
the phosphorus, in this case, is owing to the decomposition of 
phosphate of potash, which exists in these seeds, and which is 
decomposed by the charcoal at a very high temperature. He 
has shown that phosphate of soda, and even phosphate of 
lime, may be decomposed in the same way.t ‘Thus the ob- 
servations of Margraff, and some of the earlier chemists, 
respecting the phosphorus which may be obtained from the 
- seeds of plants have been verified. 


* Chemische Untersuchungen, iv. 27. 
+ Ann. de Chim, Ixv. 189. ” 
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Book 1v. I shall in this section enumerate, in the first place, the pro- 
perties of those seeds which are known by the name of corn, 
and are used as articles of food; then the seeds of the papi- 
lionaceous plants ; namely, peas, beans, vetches, &c. which are 
likewise employed as food. The seeds of the remaining tribes 
of plants have been hitherto. but imperfectly examined ; we 
can only therefore detail the experiments hitherto made, with- 
out any attempt at arrangement. | 

The most importaut genera of corn are, wheat, rye, oats, 
barley, rice. 

Wheat. 1. Wheat, the triticum hybernum (and other species) of bo- 
tanists, has been cultivated from time immemorial in Europe 
and the northern parts of Africa, and the seeds of it em- 
ployed as one of the most important articles of food. Indeed 
wheat flour is the only substance known from which good loaf 
bread can be made. The seeds, when ripe, are ground to a 
fine powder, and by passing this powder through cloth sieves, 
of various degrees of fineness, it is separated into distinct por- 
tions. The fine flour constitutes the greatest portion; and 
the bran, which consists of the outer coat of the seed, and 
which is the coarsest of all, constitutes the next greatest 
portion. } 

Conetita Hitherto the flour of wheat only has been subjected to 

ae, a chemical examination; while the bran, which may vary 
from one-third to one-fourth, has been neglected. The two 
most remarkable substances in wheat flour are the starch, 
which constitutes by far the greatest part of it, and the 
gluten, which is the next ingredient in point of quantity. 
It appears also, from my trials, to contain a small portion 
of bitter principle. Saccharine matter exists in it also, 
though in a very small proportion. Mucilage is mentioned 
as a constituent by Fourcroy and Vauquelin; and from their 
experiments, also, it appears that phosphate of lime is present, 
but that they did not detect any phosphate of potash.* 

Water in which wheat flour has been macerated for six 
hours, has an opal colour, and becomes transparent very 
slowly. Its taste is sweetish, it has the odour of unripe grain, 
and does not alter vegetable blues. The infusion of nutgalls, 
chlorine, and other acids, occasion a precipitate in it. It be- 
comes very rapidly sour. When heated, yellowish flakes are 
separated. When concentrated by evaporation, its taste be- 


* Ann. de Mus. d’Hist, Nat. No, xxxvii, p. 3 
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comes more perceptibly sweet. When inspissated sufficiently, chap. 1. 


it assumes a golden yellow colour ; has a sweet taste, but is, at 
the same time, acid and acrid ; yellowish flakes separate, and 
a crust of phosphate of lime coats the capsule in which the 
evaporation is performed. Alcohol coagulates it, and throws 
down a substance which possesses the properties of gluten. 
Hence it is evident, that the water owes its properties to the 
gluten which it holds in solution,* and probably also to a little 
bitter principle. It contained also some sugar and mucilage, 
and phosphate of lime. 


2. Rye is the seed of the secale cereale, a plant cultivated in rye. 


the northern parts of Europe, in considerable quantity, as an 
article of food. Bread made of it is much denser than wheaten 
bread, and has a brownish colour, and a peculiar sweetish 
taste, which to most persons is rather agreeable. We are 
indebted to Einhof for an elaborate analysis of rye-meal. 
He published the result of his experiments. in the summer 
of 1805.+ 


A determinate portion of rye-meal was formed into a paste, gotubte 


and washed in pure water till that liquid ceased to acquire any ?"* 


colour, or take up any thing. The liquid, after filtration, had 
a yellowish colour, an insipid taste, and a smell like that of 
new whey. It slightly reddened litmus paper, and was ren- 
dered muddy by carbonate of potash, sulphate of silver, and 
infusion of galls. When raised to the boiling temperature, 
it became muddy, and a number of white flakes separated. 
These, when collected and edulcorated, had the appearance 
of curd. They dissolved in alkaline leys, were insoluble in 
alcohol, and possessed the properties of vegetable albumen. 
When the liquid was concentrated by evaporation, it deposited 
a small additional portion of albumen. ‘This being separated, 
the liquid was evaporated to the consistence of honey, and 
digested in alcohol repeatedly till nothing more was taken up. 
The residue was greyish-white and insipid: water dissolved 
it slowly, and the solution, being evaporated, deposited more 
flakes of albumen. -The residue had the appearance of a so- 
lution of gum arabic, and. when evaporated to dryness, left 
behind it a portion of gummy matter. 

The alcoholic solution. became muddy when mixed with 
water. The alcohol being drawn off by distillation, there re- 
mained in the retort. an. aqueous solution, of a wine-yellow 


* Fourcroy and Vauquelin, ibid. + Geblen’s Jour.'v. 131. 
NOLIV, 8 
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Book tv. eolour with large brownish flakes swimming in it. These 


Ensoluble. 


Constitu- 
ents. 


flakes, when collected, were found to possess the properties of 
gluten. They formed a glutinous mass with cold water, the 
bulk of which contracted when the water was made to boil. 
Boiling alcohol dissolved it; but ether took up only the co- 
louring matter. Alkalies dissolved it, and acids threw it down 
again from its solution. 

The watery solution, thus freed from the gluten, being eva- 
porated, left an extract of a wine-yellow colour. By repeated 
digestions in alcohol, dilutions with water, and evaporations, 
it was freed from a portion of gluten, which still adhered to it. 
Its taste was then sweet, but harsh; its colour wine-yellow; 
and it was soluble in water, alcchol, and ether. It was con- 
sidered as the saccharine matter of rye. 

The rye-meal, thus freed from the matters soluble in water, 
was mixed with a great quantity of water, and by repeatedly 
agitating the liquid, and decanting it off after standing some 
time, it was separated into two portions; namely, a greyish- 
coloured substance, which, being lightest, did not so soon sub- 
side, and a white powder which possessed the properties of 
starch. ‘The grey-coloured substance, by repeated digestions 
in alcohol and water, was separated into three portions; 
namely, gluten, starch, and the coats of the rye-seeds. Such 
are the constituents of rye-meal, according to Einhof. The 
following are the proportions of these different substances, 
detected by this chemist, in the best rye-seeds and rye-meal. 
3840 parts of good rye-seeds were composed of | ‘ 


ERGa ort ate ey 930 
Moistarée''3. 00 oo ee 3900 
Pre TOEEL ws caine se v4 2520 


3840 
A hundred parts of good rye-meal contained 


Albomenys ead Jad tabbua' 3107 
Gluten, not dried....... 9°48 
Mucilage ic sais iab.sieme sete IAR09 
Starel: Weenie adie a, B1' 09 
Saccharine matter ...... 3:27 
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But the proportion of these substances must vary extremely chap. 11. 


according to the soil, the climate, and the age of the rye. 
The gluten of rye differs in several particulars from that of 
wheat. It is less tenacious and more soluble. When it was 
allowed to ferment, Einhof perceived a strong smell of nitric 
acid, which is peculiar to this species of gluten. The starch 
of rye bears a striking resemblance to that of wheat. Like 
this last, it does not form a colourless solution with boiling 
water, and always precipitates at last, when the solution is left 
a sufficient time at rest. 


Einhof did not examine the ashes of rye; but from the ex- Ashes. 


periments of Schrader, we know that the same quantity, ana- 
lyzed by Einhof, namely 3840, yielded the following fixed 
substances :* 


PRITICAL eta aind alsls Wesileie Wee Oo OO 
Carbonate of lime .... 3°35 
Carbonate of magnesia. 3°55 
ALUMI bie ic )e a's a er er A 
Oxide of manganese... 0°80 
Oxide of iron ........ 0°22 


Goes 


12.17 


3. Oats are the seeds of the avena sativa, a plant cultivated oats, 


in considerable quantities as an article of food. No correct 
chemical analysis of this seed has yet been made. The husk 
is uncommonly thick, and constitutes a considerable portion 
of the corn. The proportion of starch is likewise considerable, 
though it is difficult to free it from another substance with 
which it is united. 


4. Barley is the seed of the hordeum vulgare, a plant too Barty. 


well known to require any description. Great crops of it are 
reared annually, partly as an article of food, and partly as a 
material from which malt liquors and ardent spirits are drawn. 
This species of corn has been examined of late with consider- 
able attention by chemists, partly in order to form correct 
conceptions, if possible, of the nature of the process of fer- 
mentation, and partly to ascertain the constituents of barley. 
-Fourcroy and Vauquelin published several ingenious remarks 
and experiments on it in 1806,+ and Einhof published a still 


* Gehlen’s Jour. iii. 525. 
+ Aun, de Mus. d’Hist. Nat. No. xxxvii. p. 5. 
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Hook IV. more elaborate analysis about the commencement of the same 
year ; having examined this grain in different, stages of its 
erowth, and after it was fully ripe.* 

Unripe bar- When unripe barley-corns are triturated with water, the li- 

ley. ° . ‘ ° . ° 
quid acquires 4 milky colour. If this process be continued, 
adding fresh portions of water as long as the liquid passes off 
muddy, there remains only a green husky matter.. When this 
matter is macerated a sufficient time in cold water, it acquires 
a greenish-grey colour, and when dry has the appearance of 
vegetable fibre. The water in which it was macerated, when 
boiled, deposits a few flakes of albumen, and when epapannied 
to dryness leaves a small portion of extractive. 

The water with which the barley was triturated is at first 
milky, and gradually deposits a white powder; yet it does 
not become transparent, though allowed to stand a consider- 
able time. When filtered, it passes through transparent, while 
a slimy substance of a greenish-grey colour remains upon the 
filter. This substance possesses the properties of gluten. 
When the solution, now transparent and of a yellowish co- 
lour, is boiled, it deposits flakes of albumen. It reddens lit- 
mus paper, and is strongly precipitated by lime-water, nitrate 
of lead, and sulphate of iron, maga the presence of phos- 
phoric salts. 

The liquid being evaporated to the consistence of a syrup, 
and the residue treated with alcohol, the solution diluted with 
water, and the alcohol distilled off, to separate some gluten 
which still remained, a syrupy matter was obtained, having a 
sweet taste, which was considered as asaccharine matter of the - 

barley.. A portion refused to dissolve in alcohol. This por- 

tion was considered as extractive. 

The white powder which precipitated from the water in 
which the barley had been originally triturated possessed the 
properties of starch. | 

Such are the constituents of unripe barley, according to, the | 
experiments of EKinhof. The following are the proportions of 
each which he obtained from 2880 parts of unripe barley.) | 


* Gehlen’s Jour. vi. 62. + Thid. 83. 
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When ripe barley is steeped in water a sufficient time, and Ripe barley. 


then cautiously kneaded between the fingers in a cloth, every 
part of the grain is washed away except the husk, which by 
this process may be dried and weighed. | 

When barley meal, previously made into a paste, is treated 
in the same way, a brownish residuum remains, consisting 
chiefly of the husk, though it contains also portions of starch 
and gluten which cannot well be separated. ‘The water in 
which the meal has been washed gradually deposits a white 
powder, but does not become transparent though left at rest. 
It runs very soon into acidity. Indeed, if we believe Four- 
croy and Vauquelin, barley often contains an acid; the water 
in which it has been macerated reddening the infusion of lit- 
mus: this acid is the acetic. ‘The colour of this water is red- 
dish-brown. It holds in solution a considerable portion of 
matter, which, according to Fourcroy and Vauquelin, consists 
chiefly of gluten, but which Einhof found to be of a more 
complicated nature, consisting of albumen, or rather gluten, 
mucilage, and saccharine matter. It contains in solution like- 
wise a notable portion of phosphate of lime. , 

When barley meal is macerated a sufficient time in alcohol, 
that liquid acquires a yellow colour, and becomes muddy and 
more odorous, and by évaporation leaves an oily matter of a 
yellow colour and an acrid taste, having the consistence of 
butter. This oil burns like a fat oil, and forms soap with al- 


kalies. It is but imperfectly soluble in alcohol.* This oil es- | 


caped the observation of Einhof. I obtained it by a process 
similar to that afterwards described by Fourcroy and Vauque- 
lin; but its colour was asparagus green, and it did not burn 
with the same readiness'as an oil. It has very much the ap- 
pearance of olive oil coagulated, but its consistence is less, and 


’ * Fourcroy and Vauquelin, Ann, de Mus, d’Hist. Nat. No. xxxvii. p. 8., 
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Book Iv. its colour is darker. To this oil the peculiar flavour of spirits 
from raw grain is ascribed at present. If this opinion be well — 
~ founded, the oil must be dissipated or destroyed by the pro- 
cess of malting. 

Constitu- The following are the proportions of the constituents ob- 

ak tained by Einhof from 3840 parts of barley-corns: 


Volatile matter ...... 430 
Husk e@eeoee0onwr®?®ee@8 @ @ 720 
Meaki:' ini do Pot. 22690 


3840 
From the same quantity of barley-meal he obtained 


‘Volatile matters wiscis iin vs ete dale ee 
Albumen: s\eigis cae oi tite BUS ERPANS “bi eet 
Saccharine matter ....oessseessse0 200 
Mucilage \\)) using siege dine ae Toph) ee aT Ba 
Phosphate of lime, with somealbumen 9 
Cal LOray vaikicd vt sae Mb oie pighaterenelhl so Mees 
Husk, with some cial and starch.. 260 
Starch, not quite Fee from gluten. . 2580 
EATSS 0 digas scotiacay siete tues ent tak caste OS 
bedi labthe 


3840 


Besides these substances, Fourcroy and Vauquelin ascertained 
the presence of phosphates of lime and magnesia, and of silica 
and iron; and I found in it, besides these substances, phos- 
) phate of potash and nitrate of soda. The presence of phos- 
| phate of potash was ascertained likewise by Saussure junior. 
Rice. 5. Rice, the seeds of the orysa sativa, have been analysed by 
| Braconnot. He found in this grain the following constituents: 


Carolina Rice. Piedmont Rice. 


Waren nn OW cohhne iene tees BO roe e es 00 
POUL is alan valde kets DRA ea ateticte BOOT vee ais OU 
Parencuymay sco. cide asta bid nin) AC OO carey ee reece 
Vegeto-animal matter .......... 3'OQg sais pita OU 
Unerystallizable sugar .......... OD rains 7 OUD 
Gummy matter approaching starch 0°71 .... 0°10 
MT Pee sheral etah a Maine Deg HE vavieuse < UGh Oe  Aetan ene 
ihosphiate Or MMe. seule areas OGRE UAB Ibs A Aba wT 8 8 

O9°'78 100°00 
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Besides traces of muriate of potash, phosphate of potash, ace- Chap. 11. 


tic acid, sulphur and lime and potash united to a vegetable al- 


kali.* 


Vauquelin was unable to detect any saccharine matter in 
rice. He found in it a little phosphate of lime and gum.t 


6. Maize. This is the seed of the zea mais, or Indian corn, Maize. 


Some experiments on it have been made by Proust. It is con- 
verted into charcoal in the usual way, and leaves about 1th its 
weight of charcoal. ‘This charcoal is extremely difficult of 


incineration. It contains some phosphate of potash.t 


Having now given an account of the constituents of the va- 
rious species of corn hitherto subjected to chemical examina- 
tion, let us proceed to the seeds of the papilionaceous plants. 
The most remarkable of these are peas, beans, kidney-beans, 


lupines, lentiles, &c. 


7. Peas. The seeds of the piswm sativum constitute a very peas. 
common and nutritive article of food. They have been exa- 
mined in different states by Kinhof, § who has devoted his chief 
attention to this peculiar branch of chemical investigation. 

By treating the green plant nearly ina similar manner with Green 
barley, he obtained from 3840 parts the following constituents: "'*"* 


Volatile matter ...... 3000 
ROTC) a ot eee ee Vipers ROS. 
Vegetable fibre...... 400 
CAlutent lh itiedides Yaa e a stA 
Albumen ....... stg akg 
Phosphate of lime .. 4, 
Saccharine matter... 176 


Extractive 


TOES Kea kteratile Oe o 


= 


The green pod or husk of the pea, by a similar treatment, Poa. 


yielded, from 3840 parts,** 


@ee@eeaeeoee2es2 Ane 


* Ann. de Chim. et Phys. iv. 370. 
+ Annals of Philosophy, xii. 151. 


t Nicholson’s Jour. xviii. 239. 


|| In the same state as that from the leaves of plants, and mixed with the 


green colouring matter. 
-** Gehlen’s Jour. vi. 119. 


e vir 


eee x 


3840 


§ Gehlen’s Jour. vi. 115. 
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Book 1V. Volatile matter. .... 3120 

Sakae} Vegetable fibre...... 344 
Starch. slain isasuailey 490 
Green gluten’). .a). 94 9122 
Albumen. scisch oid ddd 
Phosphate of lime... $1 
Saccharine syrup... 182 — 
Loss) (ed ete sale i NBL 


eae 


3840 


Tuice. The peas themselves, when very young, are often filled with | 
a sweet juice, which may be obtained by a slight pressure.» 
Einhof examined this liquid. It has a greenish-yellow colour 
and a very sweet taste. When exposed to the air, thin cuti- 
cles formed on its surface, and white flakes precipitated. | It 

| gradually underwent a kind of fermentation and became sour. 

| From 1440 parts of this juice, Einhof obtained, by analysis,* 
Albumen ......6+-.. 10 
Extractive ‘oc. s eee 1S 
Saccharine syrup .... 155 


This syrup had much the taste of raw sugar, but could not be 

made to crystallize. | 
Ripe peas | From ripe peas, by macerating them in water, and employ- 

ing a mode of analysis similar to that used for ascertaining the 
: constituents of barley, Kinhof obtained the following products. 
. The quantity employed was 3840 parts. 


| WOIBIGTIALtEE \o oes. 0s 0.04 crep cis tt ae DAO 

| Starchy fibrous matter, with the 

840 
COS OF Une PEGs. sc. ome se eats 


Starch.. eeoeoeete Saleisha e <A ko a ek ce Cane aE 
Animo-vegetable matter eoeee eevee ed 559 
PURER at's os ries o> ea Soliddiagy da es 


PACCHHTINEUNANCE, oste he ce eek ee eel Se 
MOCHAQE: | C. Meecte ata Wee eam tea ae 
Earthy phosphates. o.oo asses op 5 > tem dh 
TAGES a5 f snteiele > ait cs tame ebla’ eunik 6 manent 


a 


Starchy The ‘second of these constituents, entitled starchy fibrous 
on™" matter, was what remained after the peas, reduced to a pulp 
with water in a mortar, had been washed with water till they 


* Gehlen’s Jour. vi. 120. + Ibid. 13. 
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ceased to discolour it, or to give out any soluble matter to it. chap. 11. 
This residue was in part composed of the coats of the peas, 
and partly of a white fibrous matter without taste or smell. 
When dried, it became yellowish, and was easily reduced to 
powder; and the powder formed a paste with water, and dis- 
solved like starch in hot water. It then bore a certain resem- 
blance to starch, and agreed in its properties with the fibrous 
matter of potatoes.* 

The fourth of the preceding constituents, entitled @nimo-ve- Aanimo-ve- 
getable matter, was obtained in this manner: the milky water (<"°™" 
in which the peas had been macerated, after depositing the 
starch, still continued muddy, but neither deposited any thing, 
nor would pass through the filter; but when diluted with its 
own bulk of water, it gradually deposited a powder, the whole 
of which, being collected on a filter, constituted the substance 
to which Einhof gave the name of animo-vegetable matter. It 
approaches most nearly to gluten; but as it differs in several 
particulars both from gluten and from all other vegetable con- 
stituents, we must consider it as a peculiar principle. 

Its colour was at first white; it had no taste nor smell, but 
reddened vegetable blues, even after having been repeatedly 
washed in cold water. It was glutinous and adhesive, and 
could be kneaded into a paste. It was insoluble in water, both 
cold and hot; but when mixed with that liquid it soon putri- 
fied; and on being treated with lime, gave out the smell of 
ammonia. In the pure alkaline leys it dissolves readily, and 
_ forms a kind of soap; but the carbonates require heat to pro- 
duce the solution. Sulphuric acid dissolves it; the solution is 
light-brown, and when diluted with water, lets falls a white 
thread-like substance. It dissolves also in muriatic acid and 
chlorine, and in acetic acid. Nitric acid gives it a lemon-yel- 
low colour. It dissolves also in alcohol, and the solution be- 
comes milky when mixed with water. ‘The tincture of galls 
throws down a copious white precipitate. Ether and volatile 
oils have no action on it. When dried it assumes a light- 
brown colour and the semitransparency of glue, and is easily 
reduced to powder. Such are the properties of this substance, 
as far as they have been ascertained by M. Einhef.{ 


* Gehlen’s Jour. vi. p. 123. 
+ Einhof remarks, that he has seen the gluten of wheat assume this ap- 
pearance. I have observed the same thing twice. In both cases the wheat 


was very inferior in quality, and had been the growth ofa very rainy season. 
t Gehlen’s Jour. vi. 124. 
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When 3840 parts of ripe peas were reduced to ashes, the 


' residue weighed 112 parts. From these ashes Einhof extracted 


Marsh bean. 


Kidney 
 heans. 


phosphoric acid, sulphuric acid, muriatic acid, alumina, silica, 
carbonate of lime, phosphate of lime, oxide of iron, and phos- 
phate of ammonia and magnesia.* 

8. The seeds of the vicia faba, a small bean, becoming 
blackish when ripe, and used. as an article of food, have hke- 
wise been examined by Einhof. The analysis was conducted 
in the same way as his other experiments already described. 
' From 3840 parts of the ripe beans he obtained the following 
substances : 


‘Skins ....... are sie she ius cst . 386 
Starchy fibrous matter ........ 610 
ELE RE ice ee bebe da bed a liceargespaes tebe 


Vegeto-animal matter ........ 417 
RIMUINGIT Wealden ae LOW ais sian God 
Extractive, soluble in alcohol. .. 136 
ERAN (9 gu edrern as Tabblets ed ie ee ae 
MATINY PHOSPHALC Yai eC o's py kee 
Posse ees Pi cleat sreliee is we or MnO 


3840+ 


Fourcroy and Vauquelin, who made experiments upon this 
substance likewise, found the ashes which it leaves, when inci- 
nerated, to consist of the phosphates of lime, magnesia, pot- 
ash, and iron, and of uncombined potash. ‘They could detect 
no sugar in it.{ 

9. Taney beans, which are the seeds of phaseolus vulgaris, 
have been likewise analysed by Einhof. ‘They are charac- 
terized by the great proportion of animo-vegetable matter 
which they eehtalte From 3840 parts of these beans Kinhof 
obtained the following substances : 


*® Gehlen’s Jour. vi. 132. t Ibid. 136. 
t Ann, de Mus. d’Hist. Nat. No. xxxvii. 9. 
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Animo-vegetable matter, not quite free from starch 799 
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Albumen, with some vegeto-animal matter ...... 52 
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10. Lentiles. ‘To the same indefatigable chemist we are in- Lentites, 


debted for the analysis of the seeds of the ervum lens. From 
3840 parts he obtained the following substances : 


MeDLOUS WIAtCEL sta iiss onal w! 5 Giada ee bine ea 220 
Ua OTE GaP PME AES RE OR tat >. Rel tat ended RON eae ae 
Earthy phosphates, with a little albumen... 22 
Extractive, soluble in alcohol .......... 120 
AAT OAY SAA LEGE ec tald log ote w'pis' acca uses wig COO 
Starch. iu. RE ESS: tie tale sPiaieanes wo 4k ZOO 
Vegeto-animal matter, . 2.2.3. eee ens 091433 
Otay felted Ne Wetiptin Meee ed ok ake hue 


3840+ 


Here the proportion of animo-vegetable matter is still greater 
than in the kidney bean. 

Lentiles were examined by Fourcroy and Vauquelin, but 
whether the same species as the preceding they do not put it 
in our power to determine, as they omit the botanical name. 
The liquid in which the flour of these seeds was macerated 
was not acid: it had a slight and rather disagreeable taste, and 
was precipitated copiously by infusion of galls, chlorine, and 
sulphate of iron. In short, it exhibited nearly the same phe- 
nomena as are described by Einhof. When the flour of len- 
tiles is digested in alcohol, the liquid assumes a greenish-yel- 
low colour, and a bitter acrid taste. When distilled it has the 


odour of vanilla very strongly, but acquires a disagreeable — 


smell when mixed with water. The residue is greenish-yel- 
low, has the appearance of a thick solution of soap, and a 
green oil swims upon the surface. The pod of the lentiles 
contains a portion of tannin.t ! 


* Gehlen’s Jour. vi. 545. t Ibid. 542. 
t Ann. de Mus. d’Hist. Nat. No. xxxvii. 10. 


268 


Book IV. 


White Iu- 
pine. 


Hemp- 
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Coffee. 
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11. White lupine. To Fourcroy and Vauquelin we are 
indebted for the analysis of the seeds of the /upinus albus; the 
farina of which, according to their experiments, differs from 
that of all the other liguminous plants hitherto tried, as it 
contains neither starch nor saccharine matter. ‘They found 
in it a yellowish-green oil of an acrid nature, which ap- 
proaches the fixed oils in its properties; a vegeto-animal mat- 
ter, which appears to bear a strong resemblance to gluten: a 
considerable portion of phosphate of Jime and magnesia, and 
traces of phosphates of potash and of iron.* 

12. Hemp-seeds. These seeds have been subjected to a 
chemical examination by Bucholz. The following are the 
results which he obtained. 

Sixteen parts of hemp-seed yielded by expression rather 
more than three parts of a yellow-coloured oil. It staste was 
mild, and it possessed all the characters of the fixed oils. 
From the residue he procured, by digestion in water and co- 
agulation by heat, about 31 parts of albumen, and not quite 
half a part of fibrous matter. The insoluble coats and husks 
of the seeds weighed 64 parts. About one-fourth of a part of 
a brown coloured resin was obtained by means of alcohol, and 
about the same quantity of a substance to which Bucholz gives 
the name of muczlaginous sugar, and soapy extract, and about 
13 part of gummy extractive.t 

13. Coffee. ‘This is the seeds of the coffea ae ate an 
evergreen-tree, usually of a small size. It was originally 
brought from Arabia, and was unknown in Europe till 1650. t 
The entire fruit has some resemblance to a cherry. Under a 
pulpy skin it contains an oval kernel, which separates longitu- 
dinally into two parts, each covered with a thin coat, and 
marked longitudinally with a furrow on the flat side, where 
they are joined. ‘The ripe fruit is dried in the sun, and heavy 
rollers passed over it, by which the seeds are parted and the 
coats broken. ‘They are afterwards separated by winnowing. 

Many experiments have been made by chemists to ascertain 
the constituents and qualities of coffee; Neumann, Geoffroy, 
Dufour, Kruger, Westfield, &c. published successively the 
result of their trials on it. The latest analyses are those of 
Hermann § and Cadet.|| ‘They neither agree well with each 


* Ann. de Mus. d’Hist. Nat. No. xxxvii. 12. 
+ Geblen’s Jour. vi. 615. t Neumann’s Chemistry, p. 378. 
§ Crell’s.Annals, 1800, 1. 108. || Ann. de Chim, lviii. 266, 
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It is probable that chap. 11. 


these differences ought to be ascribed partly to the different -~~~ 
mode of analyses followed, and partly to variations in the ber- 


ries examined. 


The infusion of coffee in boiling water is of a yellowish- mtusion. 
green colour; but the decoction, by continuing the boiling, 


becomes brown. 
lies render it more brown. 


It becomes turbid on cooling. 
It strikes a black with sulphate 
of iron, but does not precipitate with glue. 


The alka- 


Chlorine nearly 


destroys the colour; but if an alkali be added the liquid be- 
comes red. Cadet obtaimed a decoction with coffee which 
produced no effect upon vegetable blues; but other chemists 
describe it as changing them to red, and Hermann obtained 
with alcohol a solution which produced the same effect. 
When water was distilled from coffee, what came over had 
an aromatic odour, and a few drops of a substance similar to 
myrtle wax swam on the surface of it; the residual liquid be- 
came milky when mixed with alcohol, and let fall a substance 


possessing the properties of gum. 


When alcohol is digested on coffee, it acquires some 


colour. 


The solution when mixed with water becomes milky, 
and lets fall a whitish resinous matter. 


The residue being 


evaporated to dryness leaves a substance composed partly of 
extractive, and partly of the bitter principle discovered by 


-Chenevix. 


From these experiments, chiefly made by Cadet, 


we see that coffee contains an aromatic principle, a little oil, 


gallic acid, mucilage, extractive, and bitter principle. 


It 


contains also, according to Cadet, sulphate of alumina, lime, 
muriate of potash, and a little albumen, which separates from 
the decoction in the form of scum. The result of Cadet’s 


experiments was nearly as follows. 

yielded. 
, Ss Lye Ea 
Resin .. 


Gallic acid... 
Albumen .... 


ht Che eae 


Extract and bitter principle.... 


Fibrous insoluble matter 


©o@¢@e0 0800 


Sixty-four parts of coffee 


Constitue 
ents, 


eee? 208 


64°00 


Bea obtained from 1920 parts of Levant and Marti- 
nique coffee the following proportions respectively : 


6 


Roasted 
coffee, 


Coco. 


Almonds. 
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Restirwis Gans. ely A eaks 2068 
ybitractives 27d ath Ga B2000 14k SPO 
CGT Gas StS pla ass: oot Leica de 
Fibrous matter ....1335 .... 1386 — 
Loss wives. weoaiwrechl wae wud 12 


om 


1920 1920 


When coffee is roasted, a portion of tannin is formed in it 
by the action of the heat. It appears also that a new sub- 
stance, having a peculiar agreeable smell, is developed; but 
the nature of this new principle has not yet been ascertained. 


It is developed also by roasting barley, beans, and a great 


variety of other vegetables, wmel are on that account occa- 
sionally employed as substitutes for coffee. 

An elaborate analysis of coffee has been published 6 
Payssé. He examined with. particular care the bitter prin- 
ciple of coffee, first pointed out by Chenevix, and has endea- 
voured to show that it is in reality a peculiar acid, to which he 
has given the name of coffic acid. It reddens vegetable blues, 
but in other respects does not seem better entitled to the name 
of acid than tannin. He detected in coffee, besides this sub- 
stance, a quantity of albumen, resin, and extractive. It con- 
tains a great proportion of matter insoluble in water. Its 
ashes yield muriate of potash and carbonate of lime. Payssé 
could not succeed in ascertaining the presence of tannin in 
roasted. coffee. When coffee is distilled it yields, according to 
him, an acidulous water, a thick brown oil, and cas ouite of 
ammonia. Very little gaseous matter was obtained.* 

14. Coco. This is the fruit of the cocos nucifera, one of 
the most valuable vegetable productions of India. A detailed — 
account of the management and products of this tree has 
been published by Le Goux de Flaix;+ but we are still un- 
acquained both with the constituents and chemical properties 
of the nuts. The outer coat is fibrous, and formed by the 
natives into excellent cordage. The kernel contains a con- 
siderable proportion of fixed oil, used by the Indians for 
lamps. ¢ 

15. Almonds. ‘This is the fruit of the amygdalus com- 


* Ann. de @him. lix. 196. 
_ + Phil. Mag. xx. 316; and xxi. 77 and 110. 
{ See Tennant’s Indian Recreations, 11. 282. 
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munis, used both as an article of food and in medicine. There chap. 1. 
are two kinds, the bitter and sweet. The latter consists chiefly iemcane! 


of fixed oil and starch, or albumen; chemists have not yet 
ascertained correctly which. Bitter almonds, besides these 
two substances, probably contain also a portion of bitter prin- 
ciple. Prussic acid is likewise a constituent of them; but hi- 
therto almonds have not been subjected to a regular chemical 
analysis, 


16. Nutmeg. ‘This is the seed of the myristica moschata, a Nutmeg. 


tree which is cultivated in the Asiatic islands. The covering 
of the nut is known by the name of mace. ‘The nutmeg varies 
in size and figure; it is furrowed on the outside, and greyish 
brown internally. ‘Those that want white streaks are the 
best. From the experiments of Neumann, we learn that this 
substance contains two species of oil; a volatile oil, to which 
it owes its peculiar smell and taste, and which in his trials 
amounted to about ;!,d part of the nut; and a solid fixed oil 
resembling wax, and amounting to about 1d of the nutmeg. 
He detected also a quantity of gum;* and it is probable, 
from the appearance of the kernel, that it contains likewise 
starch. By expression, the solid oil is separated, and mixed 
with the volatile oil. In that state it is sold under the name 
of oil of mace. 


17. Pepper. ‘This is the seed of the piper nigrum, a shrub Pepper. 


cultivated in India for the sake of its berries. Its outer coat 
is of a dark brown colour; when deprived of it, the berry is 
known by the name of white pepper. 

Pepper, when macerated in cold water, does not lose its 
shrivelled appearance. ‘The infusion acquires a brown colour, 
reddens vegetable blues, and has both the taste and odour of 

-pepper. If we repeat the maceration a number of times, the 
liquid still continues to acquire a colour, but it ceases to have 


the smell and flavour of pepper. White pepper does not 


communicate any colour to water. Hence the colouring 
matter must reside in the outer coat. It possesses most of 
the properties of extractive. When pepper is macerated in 
alcohol, the liquid acquires a light yellowish green colour. 
When distilled, it leaves a green coloured matter, partly 
resinous, and partly oily. This oil is the source of the odour 
and taste of pepper. Its taste is extremely hot, and its smell, 
when dissolved in alcohol, and diluted yith water, extremely 


* Neumann’s Chem. p. 404. 
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Booktv. Pleasant. It possesses nearly the properties of volatile oil. 
“—\— When water is boiled for some time with ground pepper, it 


Mustard. 


Anatto, 


acquires the property of forming, with the infusion of nut- 
galls, a precipitate, which disolsits again when the liquid is 
heated to 120°. Hence it contains a portion of starch. These 
three substances, starch, oil, and extractive, are the most re- 
markable of the constituents of pepper.* 

18. Mustard. The seeds of the senapis nigra are well 
known for the strong biting taste which they possess, and for 
their property of acting as a vesicatory. ‘This acrid quality 
resides in a yellow oil, which may be distilled over with water. 
It sinks in that liquid, and according to the experiments of 
M. Thibierge is not soluble in alcohol or ether, but soluble in 
water. Besides this acrid oil mustard contains a fixed taste- 
less oil, which may be obtained by expression. Sulphur, 
albumen, gum, phosphoric acid, several phosphates with 
traces of sulphates and muriates, may be likewise detected in 
mustard.f 

19. Anatto. ‘This pigment is obtained from the seeds of 


the diva orellana, a tree cultivated in Guiana and other parts 


of the West Indies. When ripe, the capsules are gathered, 
and the seeds being separated, are pounded, steeped in water 
for weeks or months, then subjected to the press; and the co- 
louring matter thus obtained is suffered to subside, collected, 
and dried. A shorter process has been lately proposed by 
Leblond. The colouring matter, which is confined to the 
surface of the seed, 1s separated by maceration and washing, 
and then thrown down from the water by an acid.t Anatte 
is usually in hard cakes, brown without, and red within. It 
dissolves much more easily in alcohol than in water. Weak 
alkaline leys dissolve it likewise with facility. ‘The decoction 
of anatto has a peculiar smell and a disagreeable taste. Its 
colour is reddish yellow; alkalies render it orange yellow; 
and from this mixture the acids throw down an orange-co- 
loured precipitate.§ An elaborate chemical examination of 
this pigment has been made by Dr. John. He found its con- 
stituents to be as follows : | 


\ 


* See Nicholson’s Jour. il. 7. 

+ See Annals of Philosophy, xvi. 90: and John’s Chemische Unter- 
suchungen, iii, 153. 
_ ¢ Ann. de Chim. xlvin. 113. 

§ Berthollet, Elemens de l’Art de Ia Teinture, ii. 268, 
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Aroma, trace. » Chap. II. 
An acid, trace. — 

Resin, with colouring matter .........4+. 28 

Mucilage eoeoeoeeereseeeeoeevaeevoeseeouaeveeeeee 26°5 

Albumen Grates 64s ctehabatel ah stele! viet Susana wh Wetey ooo 

Be ECL TOS so ca gss ie ROPE Say H Cette ow Bite 20 

A peculiar substance, approaching mucilage 4 


98°5* 

20. Berries of the phytolacca decandra. These berries give phytotacea 
a beautiful purple colour to water, of a very fugitive nature. °°" 
A few drops of lime water change it to yellow; and this yel- 
low liquid is the most delicate test of acids hitherto observed. 
The smallest quantity of acid restores its purple colour. 
Braconnot, to whom we are indebted for these observations, 
has shown, that it is at least four times as delicate as the infu- 
sion of litmus. -Unfortunately it alters its nature in a few 
hours, and then loses its delicacy as a reactive. It can only be 
used when recently prepared.+ 

21. The seeds of the lycopodiwm clavatum, or common club ciub moss. 
moss, have been long remarkable for their combustibility. 
They are extremely small; and when blown into the flame of 
a candle they take fire, with a small explosion, and are’ used 
in theatres to imitate the appearance of lightning. They 
have been subjected to chemical analysis by Bucholz. From 
1000 parts of the seeds he obtained 60 parts of a fixed oil, 
soluble in alcohol like castor oil; 30 parts of sugar; 15 of a 
mucilaginous extract. ‘There remained a matter insoluble in 
water, alcohol, ether, oil of turpentine, alkaline leys. But 
when boiled with the last of these agents, ammonia was dis- 
engaged, and a kind of extractformed. When 2000 grains 
of this substance were distilled, they yielded 290 ounce 
measures of gas, which was a mixture of carburetted hydro- 
gen and carbonic acid; 1080 grains of a brownish oil, con- 
taining ammonia; 330 grains of a watery liquid, holding 
-acetate of ammonia in solution. ‘The residue in the retort, 
amounting to 310 parts, had very much the appearance of 
anthracolite.. When the insoluble part of the seeds was 
boiled in nitric acid, a portion of oii soluble in alcohol was 
likewise formed.t 


: ° 
* Chemische Untersuchungen, i, 56. + Ann, de Chim, Ixii, 81. 
} Gehlen’s Jour, vi, 593. 
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Bookiv. 22. To Braconnot we are indebted for an elaborate analysis — 

ene of the outer husks of the common nuts: which are frequently 

nuts. employed: in France as a ‘dye stuff; probably as a substitute 
for nutgalls.- He obtained from the fresh husks of nuts the 
following substances :* » +--+ +++) 


Starch... wialivciers suit damoratarea: sanike ier aeiel 
| An acrid and bitter substance. Phosphate of lime. 
Malice acid. Oxalate of lime. 
Tannin. | Potash. 
SECT. X. 
OF FRUITS. 


Tur fruits of vegetables are equally various with the seeds. 
But few of them have been hitherto subjected to chemical — 
Constita. Analysis. ‘They almost all contain an acid; and this acid is 
pide usually the tartaric, the oxalic, the citric, or the malic, or a _ 
mixture of two or more of them.’ Hardly any other, except 
perhaps the acetic, has hitherto been found in fruits. They 
usually contain likewise a portion of gummy matter, sometimes 
starch; and the fleshy fruits contain also a fibrous matter, not 
yet accurately examined. The colouring matters of fruits, 
especially the red, dissolve readily both in water and alcohol; 
but very speedily decay when exposed dry to the action of the | 
sun and weather. Hence they cannot be used as dyes. 
A list of the acids contained in a considerable number of 
fruits has been given already in a former part of this work. | 
As very few vegetable fruits have hitherto been analysed, little! 
can be added to what was given there. The only analyses, ! 
indeed, hitherto published, are those of tamarinds, grapes, | 
and cucumber. a 
gamarind. 1. Tamarinds.—This substance consists chiefly of a pulpy | 
matter which fills the pods of the tamarindus indica, and covers 
the seeds. It is brought to Europe preserved in sugar. We 
are indebted to Vauquelin for an analysis of this substance, 
published however at a very early period of his chemical | 
career. By treating the pulp of tamarinds, such as they are | 
sold by the apothecaries, first with cold water, and afterwards | 
with hot, he separated the following substances: 


* Ann. de Chim. Ixxiy. 308, + Ibid. v, 92. 
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2. Grapes.—Though grapes have been repeatedly examined. Grapes. 
by chemists, we are not yet in possession of an accurate che- 
mical analysis of their constituents. It has been ascertained, 
however, that they contain supertartrate of potash, tartaric 
acid, citric and malic acids.* They contain also abundance of 
sugar, a portion of mucilage and jelly, some albumen and 
colouring matter, and, according to Proust, a portion of 
gluten. 

3. Cucumber.—This is the fruit of the cucurbita citrullus, cucumber. 
and is well known as an article of food. It was subjected to 
analysis by Dr. John, who found 600 parts of it composed of 
the following ingredients: 


, 7 Water oeereeceevet¢eseovoveeveee @ @ e ° 582°8 
Substance similar to fungin....... 3°2 
Soluble vegetable albumen ......  0°8 


Hee ee ree rr re a, Period sis ba} 9" 
Extractive with sugar ta ar 66 9 9°95 
LICHT ee ee ace . 


Phosphate of potash .. 
Phosphoric acid ..... 
Ammoniacal salt .... Peseee eae 3:0 
JR Teh a ee | 
Sulphate of potash ... 

Muriate of potash .... 

Phosphate of iron... . J 


600°0} 


ss 


Pears, apples, lemons, oranges, &c. have not yet been sub- 


* Bouillon, Jour. de Phys. xxix. 3, Parmentier, Ann. de Chim, lui. 
119. 
+ Schweigger’s Jour, ix. 34. 
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| Book IV. jected to chemical examination. ‘The few facts which have 


been ascertained shane them are detailed i in a different 
part of this work. “1 


SECT. XL: 
OF BULBS. 


By bulbs are understood tubercles connected with the roots 


of vegetables, very analogous to the buds, and containing the’ 
embryo of a future plant. The potatoe is a well known ex- 


ample of a bulb. 
Bulbs vary considerably in their constituents and properties, 
as well as the other parts of plants; but they bear, upon the 


whole, a considerable resemblance to the seeds of those grasses 


which are cultivated under the name of corn; at least starch 
constitutes a notable portion of most of the bulbs hitherto ex- 


amined. Hence several of them are employed as articles of — 


food. Few of them hitherto have been subjected to a chemical 
analysis. I can only therefore specify the following: 

1. Potatoes are the bulbs of the solanum tuberosum, an Ame- 
rican plant, first brought to this country by Sir Walter Raleigh, 
and now cultivated in every part of Europe, and in Britain 
constituting one of the most important articles of food. The 
plant and the bulb are too well known to require description. 

Potatoes have been repeatedly subjected to chemical exami- 
nation. Parmentier published an elaborate dissertation on 
their culture, uses, and pr oper ties, about the year 1776, which 


contributed considerably to promote the cultivation of them | 
on the continent. Dr. Pearson contributed to the Board of | 
Agriculture a valuable essay on potatoes, containing a set of _ 
chemical experiments on them, performed with his usual skill 


and ingenuity; and-Kinhof has published a very elaborate 
analysis of the root in the fourth volume of Gehlen’s Journal. 
The variety of potatoe which chiefly occupied the attention 


of Einhof, was that which has a red skin and flesh-coloured| ~ 


juice. When dried by a moderate heat, till they ceased to lose 
any weight, potatoes were reduced to ith of their original 
weight.* | et 

The analysis of this root was conducted by Einhof pretty 
much in the same manner-as his analysis of barley and rye. 


~ * Gehlen’s Jour, iv. 457. 
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A determinate quantity ar potatoes was metncad ‘with water to. Chap. Ie 
a pulp, and then washed on a searce till the liquid ceased to “~~ 
come off milky, or to hold any thing in solution. What re- 
mained on the cloth was the fibrous matter of the potatoe; 
but it differed essentially from the fibrous matter of most 
plants. With boiling water it formed a paste similar to that 
made by means of starch, and when dry it assumed a semi- 
transparent appearance. ‘This matter, when triturated in a 
- mortar, and again washed with water, yielded a considerable 
portion of starch. The residue, which was of a light-grey 
colour, being triturated a second time, formed a powder which 
bore a considerable resemblance to starch, both in its appear- 
ance and properties. 
The liquid with which the potatoe was washed was at first 
milky, but deposited, on standing, a heavy white powder, 
* which was starch. When filtered it had a carmine-red colour, 
and reddened vegetable blues, When boiled a flaky precipi- 
tate separated, partly white and partly red. This precipitate 
possessed the properties of albumen. ‘The residue, evapora- 
ted to the consistence of an extract, had a brownish colour, 
’ was insoluble in alcohol and ether, soluble in water, and, ac- 
cording to Kinhof, was a mucilaginous matter. The follow- 
ing were the proportions of these various substances obtained 
from 100 parts of potatoes: 
PMOL ee Nee Gi Vike cial Ovi eacay 6 LO Constitus 
Pile ue stavehyianatier Wg ec s Sheet os 7 na 
Te EILEEN Lite Mee rc Tease wie tebat ts ciel 8) waste oh'yi DAG 
Mucilage, in the state of a thick syrup .... 4 


4 


To ascertain the nature of the acid which exists in potatoes, 
Kinhof separated the juice of potatoes by a gentle pressure. 
He had first frozen and then thawed them, to facilitate the 
separation. Lime-water was added in excess to this liquid, 
and the precipitate was digested in diluted sulphuric acid, to 
separate the lime from the acid. Thus obtained, it was found . 
to be a mixture of tartaric and phosphoric acids.* The sap, contains 
thus deprived of its acid, contained an excess of lime in com yan, an 
acids, 
* Though Einhoff obtained phosphoric-acid by the method described in 
the text, it does not follow that it existed in the potatoes in an uncombined 
state. It might have been in combination with lime, and held in solution 
in the potatoe juice by means of the tartaric acid. 
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Book IV. bination with the mucilage. Einhof found, that this lime 
became gradually saturated with carbonic acid, even though 
the sap was kept in close vessels; and that in process of time, 
if a sufficient quantity of lime were present, the mucilage ac- 
quired a sweet taste; and when treated with alcohol, a portion 
dissolved, which yielded crystals of sugar. This he considered 
as a conversion of the mucilage into sugar. 

Ashes. From 1820 parts of dried potatoes, Kinhof obtained 96 parts 
of a greyish-white ash. Of these, 64 parts were soluble in 

water. ‘They consisted chiefly of carbonate of potash; but 

contained likewise 10 parts of phosphoric acid, 34 of sul- 
phuric acid, and two of muriatic. ‘The insoluble 35 parts 
consisted of earths and oxides. From 20 parts of it he ob- 
tained | 

2:5 silica. 

6'0 lime. 

4-0 alumina. 

7°0 magnesia, with some manganese or oxide of iron. 


eee 


19°5 


Kinhof examined different kinds of potatoes. He found the 
same ingredients in all, but the proportions varied consider- 
ably. It is not necessary to state the results of his experiments, — 
because the same variations doubtless occur even in the same 
kind of potatoe. 

But as it may be useful to know the quantity of starch fur- 
nished by different varieties of potatoe, the following table, 
drawn up from the experiments of Mr. William Skrimshire, 
junior, is subjoined. Five pounds avoirdupois of fresh pota- 
toes were used, and the starch was separated by grating the, 
potatoe, and pouring water upon it placed upon a searce.* 


* Nicholson’s Jour. xxi. 71. 
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Varieties of Potatoes used. 
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When potatoes are exposed to the action of frost, it is well psp 
known that they become soft, and acquire a sweet taste. This tose 
taste is succeeded by a sour taste, owing to the rapid evolution 
of acetic acid, and the root soon passes to putrefaction. From 
the experiments of Einhof, we learn that the sugar is formed 
at the expense of the mucilage; for the other ingredients were 
found, in potatoes sweetened by frost, in the usual proportions. 

He considers this sweetening process as connected with the 
vegetative powers of the root. 

When potatoes are boiled, they lose from 1 to 14 per cent, Boiling. 
of their weight. The juice, which may .be separated from 
them, is sweet-tasted. ‘The meal is insoluble even in boiling 
water, though potatoe starch forms a transparent solution with 
hot water. Thus it appears, that by boiling, the albumen, 
fibrous matter, and starch combine together, and form an in- 
soluble compound.* 3 

From these experiments, it appears that potatoes differ 
essentially from wheat and barley by containing no gluten, 
‘They approach, in some measure, to the nature of rye. « 

Dr. Peschier, of Geneva, has detected the presence of mu- 
cous sugar and of gum in the potatoe. This explains why 
they are capable of i adeveoite the vinous fermentation.t 

2. Garlic.—This is the (iene part of the root of the allium carte 
sativum, and is well known, and remarkable for its strong 


* Gehlen’s Jour. iv. 485, | + Annals of Philosophy, Zi, $87, 
, 2 
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smell and peculiar ‘taste. It was much celebrated by the an- 
cients, both as an article of food and asa medicine. It has 
been repeatedly examined by chemists. The analysis of Neu- 
mann, considering the state of the art of examining vegetables 
at that time, must be considered as very exact.* Cadet has 
subjected it to a chemical examination.} 

When dried, it loses nearly two-thirds of its weight; but 
this proportion is doubtless subject to considerable variation. 
The expressed juice of garlic is of a thick consistence like 
mucilage, and slightly reddens vegetable blues. When diluted 
with water, and filtered, it yields flakes of albumen when boiled. 
The residue consists chiefly of mucilage, of which garlic 
yields a very great proportion, and of extractive. This last 
is somewhat acrid in its nature. When garlic is distilled with 
water, it yields a portion of yellow-coloured volatile oil, at 
first lighter than water, but gradually becoming heavier as the 
distillation advances. ‘To this oil garlic owes its most remark- 
able properties, Its taste is very acrid, and its smell strong. 
When applied to the skin, it produces an irritation not inferior 
to cantharides, and, like that drug, might be employed to 


blister the skin. When triturated with oxide of iron, it imme- 


- diately strikes with it a black colour ; but it has no effect upon 


Other cone 
stituents. 


any other metallic oxide. 

When garlic is treated with alcohol, the liquid assumes a 
reddish-yellow colour, and leaves, when evaporated, a brown 
extract, very acrid, which attracts moisture from the air.’ 

When garlic is distilled, it yields first a liquid slightly 
coloured, and having a very acrid taste; then a thick brown 
oil, and abundance of inflammable .air and carbonic acid. 
The liquid in the receiver emits the smell of ammonia when 


mixed with lime. When 40,320 parts of garlic were inci- 


nerated, they left 4896 parts of ashes, or about 1th of the ori- 
ginal weight. From 172 parts of these ashes Cadet obtained 
the following substances : 


| * Neumann’s Chem. p. 481, 
¢ Ann. de Chim. lix. 106. 
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3 From 1406 parts of fresh garlic he obtained 


Mucilige yo! 20 2580 


Alpi nien Wo Ss ee 37 
Fibrous matter ...... 48 


Water, by estimate ... 801 


eee 
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Bouillon-Lagrange has detected in garlic, besides the acrid 
oil, a quantity of sulphur, starch, and saccharine matter.* 
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3. Onion.—This is the bulbous root of the adlium cepa. A onion 


few experiments on it had been made by Neumann and Cadet. 
‘But Fourcroy and Vauguelin have published a very curious 
and accurate analysis of it. When reduced to a pulp, and 


‘subjected to the press, it yields a viscid juice, somewhat opaque, — 


at first colourless, but becoming gradually red in consequence 
of the oil which it contains. Tt has a strong smell, and red- 
‘dens vegetable blues. It is precipitated by acetate of lead, 
lime water, oxalic acid, nitrate of silver, and potash. When 
distilled it yields a milky liquid, slightly acid, on the surface 
of which swim some drops of oil. It contains a little sulphur 
dissolved in the oil; for chlorine gives it the property of pre- 
cipitating nitrate of barytes, and when distilled in a copper 
vessel some sulphuret of copper is formed. ‘The portion of 
juice not distilled deposits a fawn-coloured sediment, having 
a strong oniony odour. Alcohol deprives this sediment of oil 
and of sulphur; the residue seems to possess properties ana- 
logous to those of gluten. The liquid, from which this preci- 
pitate has separated, contains phosphoric acid, castes and 
gluten. 

When onion juice is kept at a temperature between 60° 
and 70° it emits no gas, but it changes its colour successively 


~* Annals of Philosophy, xu. 36. 
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Book Iv. to red and yellow, and lets fall.a fawn-coloured sediment. It 
is now converted into vinegar still retaining the oniony odour ; 
a proof that the volatile matter remains undecomposed. ‘This 
vinegar contains in it a good deal of manna, which readily 
crystallizes in needles. On examining recent onion juice no 
manna could be found in it, merely a considerable quantity 
of uncrystallizable sugar. This sugar, in a heat between 60° 
and 70°, is gradually decomposed, and converted into acetic 
acid and manna. The fawn-coloured matter, which precipi- 
tated during this acetification, consisted of gluten, oil, and 
sulphur. 

Onion juice is capable of undergoing the vinous fermenta- 
tion. When eight ounces troy were mixed with 122 cubic 
inches of water, and somewhat less than one ounce of barm, 
they underwent a brisk fermentation, and yielded by distilla- 
tion about 2°35 ounces troy of strong alcohol. By Lavoisier’s 
experiments 3°7 ounces of sugar would have yielded the same 
quantity of alcohol. 

Besides the preceding constituents, Fourcroy and Vauquelin 
found in onion juice mucilage, phosphate of lime, and citrate 


of lime.* 
Squillle. 4, Squills—This is the bulbous root of the scz/la maritima, 
‘ and is employed in medicine as a diuretic, and to excite nausea 


and vomiting. It has been subjected to a chemical examina- 
tion by Vogel, and was found by him to owe its peculiar pro- 

" perties to a species of bitter principle which he distinguished 
by the name of scillitin, which has been described in the pre- 
ceding chapter. From dried squills he extracted the follow- 
ing substances : + 


(aimee Ot 
Scillitin...... 3 
Tannin ....«. 24 
Citrate of lime 
DUGER).afa ale a « 


- Woody fibre... 30 | 


Lathyrus 5. Tubercles of lathyrus tuberosus—This plant is cultivated 

tuberoses: in Holland, where the tubercles are used as an article of food, 
They are called by the French macjon. The constituents of 
these tubercles, according to the analysis of Braconnot, are as 
follows: 


Cr ® 


4 Ann. de Chim. Ixy. 161. + Ibid. Ixxxiv. 147. 
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Phosphate of lime... 0°50 
Sulphate of potash .. 0°22 
Malate of potash’... = 0°20 
Phosphate of potash. 0°10 
Muriate of potash... 0°10 
Odorous principle... = — 
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SECT. XII. 
OF LICHENS. 


Tue lichens are aclass of plants which differ almost in every 
respect from other vegetables, Many of them have not the 
smallest appearance of plants, but form hard crusts, which 
cover rocks, wood, trees, &c.; others have the form of leaves 
or of branches, but nothing resembling flowers is visible. It 
was to Tournefort and Micheli that botany is indebted for 
_ first fixing the word lichen, formerly vague and ill defined, to 
a peculiar set of plants. Afterwards Linnzus placed them 
among the algze, and described 81 species. Since that time a 
great variety of botanical writers have devoted considerable 
attention to them, particularly in ascertaining and describing 
their parts of fructification, and the various changes which 
they undergo in the different periods of their adetat jet but 
few only have attempted to analyze them, or to point out the 
useful purposes to which they may be applied. Wellemet has 
given us a historical account of 41 species of lichens, and de- 
tailed their medical and economical uses with considerable 
accuracy. Amoreux, in a dissertation on the subject has given 
us still more copious details, and has published likewise a brief 


* Annals of Philosophy, xii. 70. 
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Book IV, chemical analysis of some of the most. remarkable lichens. 


"Some li- 


chens. cons 
tain gum. 


Hoffmann, who had previously distinguished himself by his 
botanical arrangement of the lichens, published an account 
of their chemical and economical properties in 1787, and has 
given us the chemical analysis of several, made by Georgi 
with considerable care. Westring turned his attention parti- 
cularly to the uses of the lichens in dyeing; and, in seven 
dissertations, published successively in the Stockholm Transac- 


tions from 1792 to 1797, has examined almost all the lichens 
of the north, and described the colours which each of them is — 


capable of yielding, and the manner of obtaining it. It is. to 
these writers, and to Georgi, that we are jgiabired | for the few 
facts known respecting the composition and chemical properties 
of the lichens. 

The lichens are found in all countries and climates, and 
are very numerous; considerably more! than two hundred 
species have, been described by botanists as natives of 
Britain. 

From the experiments. of Georgi, professor of chemistry in 


Petersburgh, we learn that the lichen farinaceus, glaucus, and 


physodes, form with water a mucilage which yields, when eva- 
porated, a gum as transparent and tasteless as gum arabic. 
Lichen pulmonarius yields likewise a gum, but its taste is 
somewhat bitter. ‘The gum yielded by these lichens amounted 
to ith of their weight. When treated with alcohol, the liquid 
acquires a green colour and a bitter taste.* Amoreux, who 


repeated these experiments, obtained from the lichen pulmo- 
narius a reddish gum, much less transparent than gum arabic. 


This lichen gave a yellow colour to alcohol. Probably he had 

examined a different species from that tried by Georgi, or if 

not, the lichens must have been of very different ages. — 
Amoreux found, that when the lichen prunastri was steeped 


in water, its branches became transparent like animal mem- 


brane, and adhered strongly to paper. In this state it is insi- 


a 


pid, but as friable as celery. He obtained abundance of gum | 


from the lichen islandicus, and from all the brdesclea dell 


lichens tried. He succeeded in extracting gum from the 
lichen: fraxineus, caninus, and caperatus. ‘This last gave a 
lemon-yellow colour to ammonia. rate Ly 


* See the experiments of Georgi, as quoted by Amoreux, in his Re- 
searches et Experiences sur les divers Lichens, p. 94. 


7 Ibid. p. 95. 
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* Georgi found, that when the lichen physodes, hirtus, fari- chap. 1t! 
naceus, and pulmonarius, were boiled in water, they yielded a .— oe: 
yellowish mucilage nearly insipid, and that the lichens thus baa: 
treated might be eaten with salt. They all yielded a portion sane 
of resin to valcohol, but it did not give a taste to the water in 
which they were boiled. When incinerated, these lichens 
yielded a little potash, lime, and silica, but no sulphuric or 
muriatic salt. When distilled, they yielded an acidulous water, 
and a yellow or blackish oil which sunk in water. 

Such are the imperfect experiments hitherto made on the 
constituents of a few of the lichens. One of them, however, 
the lichen islandicus, has been subjected to a rigorous and 
curious analysis by Berzelius. He obtained froin 100 parts 
of this lichen the following constituents : 


en Wala ewe ain ast sia v ope 4) 5 OO 
Bitartrate of potash with some tartrate 

of lime and phosphate of lime .. . uy 
Bitter principle ..... ee eee en nae racy aU 
MATSON Welds pins Meme cieelo micas seas a LO 
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Ixxtractive colouring matter..........  7°0 
Starch"... Rn wate ele svat @ ates 2 edha tea O 


Starchy insoluble matter ............ 36°6 
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Berzelius afterwards examined the lichen plicatus, lichen . 
barbatus, lichen fastigiatus, and the lichen fraxineus. He 
found them all characterized by the presence of a species of 
starch which possesses several peculiar properties.t} 

I shall now mention such of the lichens as are most remark- Archit. 
able for the colouring matters which they yield. 

1. Lichen roccella.—This lichen, which grows abundantly in 
the Canary islands, but which is found ae on the south coast 
of England and France, yields the dye stuff called archil. If 
we believe Tournefort, this dye stuff was known to the ancients, 
and was employed to produce the colour known among them 
by the name of purple of amorgos. Be that as it may, the 
colouring property of the lichen roccella was accidentally dis- 
covered by a Florentine merchant in 1300, who observed that 


* Ann. deChim. xc. 277. + Afhandlingar, ili. 381. 
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Book Iv. urine gave it a fine violet colour. Since that time it has been 
an article of commerce, and was long prepared in Florence, 
The lichen, reduced to powder, is put into a vat with urine and 
quicklime, and regularly stirred, fresh urine and lime being 
added till it has acquired the destined colour. Other sub- 
stances were likewise added; but it has been shown that these 
only are essential. Hellot ascertained, that by treating lichens 
with lime and ammonia, their colouring matter, if they have 
any, will be developed ; and Westring has simplified the pro- 
cess by substituting sal-ammoniac for ammonia. 

Archil thus prepared is used occasionally to brighten other 
colours, but the colour which it yields is far from fixed. It is 
employed to tinge the alcohol used in thermometers. Nollet 
observed that this tincture became colourless when kept ex- 
cluded from the air, but that it recovered its colouragain when 
air was admitted. The nature of the colouring matter of 
archil has not yet been ascertained by chemists. 

2. Lichen parellus.—From this lichen, which grows abun- 
dantly in the mountains of Auvergne, and other parts of 
France, and which is common also in Britain, the pigment 
called archil of Auvergne is prepared. ‘The process is pretty 
much the same as that by which the lichen roccella is prepared, — 
and the pigment is distinguished by the same name, and applied 
to the same use, but is not considered as so valuable. It is 
obvious that the colouring matter of each is analogous. 

Other li- 3. Lichen pertusus— Treated with lime and sel-ainmoninn 

‘ne cobur. it yielded a brown colouring matter to Westring. 

ing matters: = 4, Lichen ventosus.—This lichen dyed wool of a brown 
colour, which resisted the action of alkalies. 

‘5. Lichen hematoma yielded a wax-yellow colour. | 
6. Lichen corralinus.—This lichen was found by Westring 
to abound in colouring matter. By simple infusion in water 
with a little common salt, it dyed wool yellow. Without ad- 
dition, it gives a deep-brown of considerable permanence. . It 
yielded the same colour when treated with sal-ammoniac and 
lime. 
7. Lichen pseudo-corralinus yielded a fine orange, which was 

brightened by muriate of cobalt. 

8. Lichen tartareus yielded a fine brown. 

9. Lichen centrifugus, with fixed alkalies, yielded a fine 
wax-yellow; with water, a brown; with common salt and 
nitre, an orange. 


‘MUSHROOMS. 
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10. Lichen saxatilisx—This lichen, with soda, yields a yel- Chap. 11 
Maa ial, 


low; with lime and sal-ammoniac, a nankeen ; oe with mu- 
riate of soda and nitre, an orange. 

11. Lichen physodes, by the same reagents, yields various 
shades of yellow and brown; lichen juniperinus, yellow and 
brown; lichen tenellus, paltows olive, and reddish-brown; Ji- 
chen furfuraceus, yellow and brown. ‘The same colours were 
obtained from a considerable number of leafy lichens. 

Lichen croceus, with lime and sal-ammoniac, gave out a red 
eolour. Westring obtained several colours from other lichens ; 
and by mixing several of them together, he varied the shade, 
and produced a new set of colours, differing both in their in- 
tensity and fixity. But for the particulars-of his numerous 

experiments, the reader is referred to his dissertations on the 
subject.* 


SECT. XIII. 


OF MUSHROOMS. 


Tue mushrooms area class of plants proverbial for the ra- nistory, 


pidity of their growth and their speedy decay. When they 
putrefy, they give out an extremely unpleasant odour, and ap- 
pear to eo kanal animal matter much more closely than other 
vegetable substances. ‘They have lately attracted the attention 
of “M. Vauquelin, and M. Braconnot, to whom we are indebted 
for the analysis of no fewer than 17 species of this hitherto 
neglected tribe of vegetables. Braconnot has distinguished the 
insoluble spongy portion which characterizes the mushrooms 
by the name of fungi, and under that name it has been de- 
scribed in the preceding chapter. It approaches woody fibre 
in its properties ; but seems to be sufficiently distinguished from 
it by various characters, particularly by constituting a nourish- 
ing article of food, and by being much less soluble in alkaline 
ve Braconnot likewise aoeariainied the existence of two new 
acids in mushrooms. One of these has been described in a 
former part of this work under the name of boletic acid. The 
other, which appears to constitute a very general ingredient in 


* The first has been translated into French, and printed in vols. xv. and 
xvii. of the Annales de Chimie. The others are inserted in Crell’s Annals 
for 1796, 1797, and 1799. . 
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mushrooms, he has on that account distinguished by the name 


of fungic acid.* 

Fungic acid was extracted from the boletus juglandis in suf 
ficient quantity to examine its properties. He found it also in 
the merulius cantharellus, boletus pseudo-ignarius, pexixa nigra, 
and the phallus impudicus. Braconnot obtained it from the | 
boletus juglandis by the following process. ‘The juice of that 
mushroom was pressed out, boiled, and filtered, in order to se- 
parate the vegetable albumen. The filtered liquid was eva- 
porated to the consistence of an extract, and digested repeat- 
edly with alcohol. ‘The undissolved portion was dissolved in 
water, and the solution mixed with acetate of lead. A co- 
pious precipitate fell, consisting chiefly of fungate of lead. This 
precipitate was decomposed in a gentle heat by means-of dilute © 
sulphuric acid. The fungic acid fie disengaged was saturated 
with ammonia, and th ata of ammonia purified by re- 
peated solutions and Suter araaat It was then dissolved in 
water, the fungic acid was precipitated by means of acetate of 
lead, and the raneraia of lead, after being carefully washed, was 
decomposed by means of diluted sulphuric acid. Fungic acid 
thus obtained possesses the following properties : 

It is colourless, has a very sour taste, does not crystallize, 
and deliquesces if it be evaporated to dryness and exposed to 
the air. 

With potash and soda it forms uncrystallizable salts, very 
soluble in water, but insoluble in alcohol. 

‘With ammonia it forms a salt which crystallizes in regular 
six-sided prisms. 

With lime a salt not altered by exposure to the air, and so- 
luble at the temperature of 7° in 18 times its weight of water. — 

With barytes, a salt difficultly crystallizable, and soluble in 
15 times its weight of water, at the usual temperature of the 
atmosphere. 

With magnesia, a salt soluble in water and in small eranu- 
lar crystals. 

With alumina, an uncrystallizable salt having the appear- 
ance of gum. 


* This name is unhappy, because according to the received principle of 
naming acids it indicates that the acid so named is a compound of fungin 
and oxygen ; an opinion so far from being established that it has not even 
been advanced. 


MUSHROOMS. 289 


“With oxide of manganese, a salt similar to the fungate of cap. u. 

alumina. , 
With oxide of zinc, a salt moderately soluble in water, which 
crystallizes readily in parallelopipedons. When exposed to 
the heat of a candle it burns without frothing and leaves the 
oxide of zinc pure. 
~ When dropped into acetate of lead it occasions a white pre- 
cipitate soluble in acetic acid. _ When dropped into nitrate of 
silver no pr ecipitate appears; but a precipitate falls when an 
alkaline fungate is dropped into that salt.* 
_ The following are the different species of mushroom hitherto 
subjected to saalysis 

1. Agaricus campestris ——This agaric, which is a common Agaricus ’ 
article of food, was analysed by M. Vauquelin, who found in °™?**"™ 
it the following substances : 

(1.) Adipocire. This substance was oblained by boiling in 
alcohol the matter that remained after the juice of the agaric 
was pressed out. ‘The alcohol on cooling deposited the adi- 
pocire in flocks. It has a brownish-white colour, a fatty 
feel like that of spermaceti, melts when heated, and gives off a 
white vapour, having the odour of fat. 

(2.) An oily or fatty matter. 

(3.) Vegetable albumen. 

(4.) The sugar of mushrooms. 

(5.) An animal matter soluble in water a alcohol. “When 
heated it gives out the smell of roasting meat. Similar to the 
substance "called OSMAXOME. 

(6.) An animal substance insoluble in alcohol. 

(7.) Fungin. 

(8.) Acetate of potash. 

2. Agaricus volvaceus.—This agaric, according to the ana= Agaricus 
lysis of Braconnot, contains the following constituents : i nan 

(1.) Much water. 
(2.) Fungin. — 
(3.) Gelatin. 
' (4.) Vegetable albumen. 
(5.) A great quantity of phosphate of Bonne: 
(6.) Acetate of potash. 
(7.) Sugar of mushrooms. 
(8.) A fluid, brown oil. 
(9.) Adipocire. , 


* Ann. de Chim. Ixxxvii, 244. + Ibid. Ixxxv. 7. 
VOL. Iy. U 
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“Book IV. (10.) Wax. 
“\—  (11.) A very fugaceous deleterious matter. 
(12.) An uncombined acid, suspected to be the acetic. 
(13.) Benzoic acid. | 
(14.) Muriate of potash.* . 
Agaricus 3. Agaricus acris or piperatus:—This agaricus was examined 
ae by Dr. Lister in 1672.t He obtained from it a milky juice’ 
with taste hotter than pepper, not discoloured by exposure to 
the air, nor by the blade of a knife. It speedily coagulated 
when kept in a glass vessel; but did not lose its hot taste. 
Trommsdorf made some experiments on it, and extracted 
from it a peculiar acrid matter and vegetable albumen. When 
distilled it yielded a considerable quantity of carbonate of am- 
monia.t Braconnot subjected it to an elaborate analysis, and 
extracted from it-the following substances : 
Water. 
Fungin. 
Vegetable albumen. 
Gelatin. 
Much adipocire. 
Acetate of potash. 
Sugar of mushrooms. 
Phosphate of potash. 
A peculiar vegetable acid united to potash. 
An oily matter. 
A very acrid and fugaceous matter. i 
Muriate of potash.§ | 
Stypticns, 4. Agaricus stypticus.—T'wenty parts of this agaric ana= 


lysed by Braconnot, yielded 
Pun@in yan vaiawar vidoes Henne eitedGr? 


irate 
Adipocire. Pa Ph eR A es Sorta pe sph Sada gard Hs 


Unknown gelatinous substance. .. | 
Combustible acid united to potash 1°5 
A fugaceous acrid principle...... 


20°0| | 

Bulbosus, 5. Agaricus bulbosus.—Vauquelin subjected this agaric tc 
* Ann. de Chim. Ixxix. 276. + Phil. Trans. vii. 5116. 

+ Ann, de Chim. xxii. 220. § [bid. Ixxix. 285. | 


| Ibid. Ixxxvii. 260. 
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some experiments, and extracted from it the following sub- obap. 1 
stances. 

An animal matter insoluble in alcohol. | 

Osmazome. 

A fatty soft matter, of a yellow colour and acrid taste. 

An acid salt, which is not a phosphate. 

The skeleton of the agaric when distilled yielded an acid.* 

6. Agaricus theogalus.—Vauquelin extracted from this aga- Theogalus, 
ric, 

Sugar of mushrooms. 

A fatty matter of a bitter and acrid taste. 

An animal matter insoluble in alcohol. 

Osmazome. 

A salt with a vegetable acid.+ 

7. Agaricus muscarius.—This agaric was examined by Vau- Muscarius, 
quelin, who extracted from it 

The two animal matters contained 1 in the last agaric. 

A fatty matter. 

Muriate, phosphate, and sulphate of potash. 

The skeleton both of this and the preceding species yielded 
an acid when distilled. t 

8. Boletus juglandis—Braconnot subjected this boletus to Boletus ju- 
an elaborate and ingenious analysis. He found 1260 parts of *""" 
it composed of the following constituents: 


Water Set iate iete aieetar hate te Wine SELIO'S 


MOOT TAI ae a ete vere eee MOTOS 
Animal matter insoluble in alcohol 18 
Cemezome, Pa. see Oe) teh Fe Sa) B7 


WEPCAVIE HIOMINGH Ose ties s eae sre 
Fungate of potash ..........0008 6 
PRUTIOCILG rete tee War eeiirels g's e's bat wap Tee 
IAM OUY MAKEL ea esses uses caer a ke 
Sugar of mushrooms..........+6-  O°5 


Phosphate of potash............ Trace 


1260:0§ 


9. Boletus viscidus.—Braconnot found this boletus composed Viscidus, 
almost entirely of an animal mucus, which acquires cohesion 
| when heated, and becomes in part insoluble in water. | 


* Ann, de Chim. lxxxv. 23. _ + Ibid. p. 24. } Ibid. 
§ Ibid. Ixxkvii. 237. | Ibid. Ixxix. 302. 
U.2 


* 
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Booktv. 10. Boletus pseudo-igniarius.—A large boletus of this species _ 


paula yas subjected to an elaborate analysis by Braconnot, who ex- — 
niarius, tracted from it the following substances : 
! Water. 
Fungin. 


A sweet-tasted mucilaginous matter. 
Boletate of potash. 
A yellow fatty matter. 
Vegetable albumen. 
Phosphate of potash in small quantity. 
Acetate of potash. 
Fungic acid in a state of combination.* | 
Lavicks, sf Paietin laricis.—This plant, in a dry state, is used on 
the continent as a medicine, and sold under the name of aga-_ 
ric. It has been examined by Bouillon La Grange.+ 
It is in pieces, which are white, light, and friable. The outer | 
skin is leathery and dark-coloured. Its taste is at first sweet- i 
ish, but it leaves a bitter and acrid impression in the mouth, 
When steeped in water, it communicates a yellowish colour 
and a sweetish taste to the liquid. ‘The infusion reddens veges) 
table blues; and holds in solution sulphate of Ba up 
of lime, and_muriate of potash. 

When this substance is boiled in water, the liquid acquires” 
a gelatinous form as it cools. Evaporated to dryness, and 
treated with lime, the odour of ammonia becomes perceptible. 
Alcohol, boiled upon the boletus, acquires a red colour; and 
when mixed with water, lets fall a copious precipitate, which 
exhibits the properties of a resin. ‘This resin has a yellow co- 
lour, is brittle, semitransparent, and has a sour aud bitter taste.) 
When. treated with lime, and the solution afterwards decom- 
posed with muriatic acid, a quantity of benzoic acid is obtained 
from it. From these experiments it is evident that this sub- 
stance contains resin, benzoic acid, different salts, some ex- 
tractive, and some animal matter, to which the gelatinous form 
of the decoction must be ascribed. 

Sulphuric acid dissolves and rapidly chars the boletus. Ni- 
tric acid acts with energy; nitrous gas is disengaged, and the 
boletus becomes brown. By continuing the action of the acid, 
crystals of oxalic acid are obtained; malic acid is likewise 
formed, together with some resin, aid a substance which ap- 
proaches the nature of wax in its properties. The fixed alkas 


* Ann. de Chim, Ixxx, 272. Ibid. li. 76. 
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Hes give it a Hed colour, render it gelatinous, and a great quan- Chap. M1. 
>: of ammionia is disengaged. 4 
. Boletus igniarius. ig tp boletus is not uncommon in Boletus ig- 

fis count on the trunks of trees. A variety of it is used in” 
Germany and some other countries as tzder. It is prepared 
for this purpose by boiling it in a solution of saltpetre, beat- 
ing it till it becomes sufficiently soft, and then boiling it a se- 
cond time in the same solution. In 1750 it was recommended 
by Brossard, a’ French surgeon, as an excellent styptic; and 
various trials were made with it, both in France and Britain. 
It has been subjected to a chemical examination by Bouillon 
La Grange.t 

When boiled i in water the liquid acquires a deep brown co- 
lour and a slightly astringent taste. It holds in solution sul- 
phate of lime and muriate of potash. When evaporated to 
dryness, it leaves a brown-coloured extract, which attracts 
moisture from the atmosphere. ‘This substance, when inck 
nerated, left a white ash, containing a considerable portion of 
potash; and when dissolved in water, exhibited, by reagents, 
the presence of lime, and of muriatic and sulphuric acids. 
The residual portion of the boletus, being calcined, was found 
to contain phosphates of lime and magnesia, and some iron, 

Alcohol has scarcely any action on this boletus; but when 
assisted by heat, it dissolves a small portion of resin, Nitric 
acid dissolves it readily; malic and oxalic acids are formed, - 
and probably also a portion of bitter principle, while carbonic 
acid and nitrous gas are disengaged. Alkaline leys dissolve 
it with difficulty; forming, however, a soapy liquid, and se- 
parating a small portion of ammonia, From these experi- 
ments, we learn that this boletus differsin many respects from 
the preceding. It contains much less resin, and a much 
smaller proportion of animal matter, and yields no traces of 
benzoic acid.t 

13. Hydnum repandum.—This yan is not uncommon in yFyaoum 
the woods. It has a yellow colour. Braconnot subjected it "Pandu™ 
to analysis, and extracted from it the following substances ; 


Water, 
Fungin. 
Gelatin in small quantity. 


* Bouillon la Grange, Ann. de Chim. li. 76. 
+ Ann. de Chim. liv. 92. 
$ Bouillon la Grange, Ann. de Chim. liv. 92, 


! 


294 _ PARTS OF PLANTS. 


Book IV. Sugar of mushrooms in considerable quantity. 
Much acetate of potash. 
Fungate of potash. 
A little phosphate of potash. 
Another vegetable alkali united to potash. 
An oil, 
Adipocire. , 
A very fugacious bord matter. 
Muriate of potash.* 


Hibridum, 14. AHydnum hibridum.—This hydnum has a blackish-brown 
colour, has not an acrid taste, and when distilled yields no 
ammonia, but leaves a very alkaline ash. Its constituents ac- 
cording to Braconnot are 


Water. Phosphate of potash. 
Fungin. Fungate of potash. 
Gelatin. Adipocire. 
Sugar of mushrooms. A brown oil. 
Vegetable albumen. A colouring matter. 
Acetate of potash. Muriate of potash. 

Merulius 15. Merulius or agaricus cantharellus.—This substance has 


pantharele a yellow colour and an agreeable odour. When taken into 
the mouth its taste is at first acrid; but soon becomes exceed-. 
ingly agreeable. It is very much used as an article of food. 
According to the analysis of Braconnot its constituents are 


Water. 
Fungin, 
Gelatin. . 
A considerable proportion of sugar of mushrooms. 
Acetate of potash. 
Phosphate of potash. 
Fungate of potash. 
Oil. 
- Adipocire. } 
An acrid matter destroyed by heat. 
An uncombined acid similar to the acetic.{ 


Phatusim- 16. Phallus impudicus.—This fungus, well known in con- 
pudieuss sequence of the intolerable odour which it exhales, was found 
by Braconnot to contain the following constituents: 


* Ann, de Chim. Ixxix. 291. + Ibid. p. 297. t Ibid. p. 300. 
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‘Water. at od bol | Chap. HT. 
_ Fungin, much auinaliead, | ees 
Albumen. 
Animal matter. 
- Mucus. 


Superacetate of potash. 

A little superacetate of ammonia. 
Adipocire. 

An oily matter. 

Sugar of mushrooms. 

A little phosphate of potash. | 
A combustible acid united to potash.* 


17. Peziza nigra or lycoperdon truncatum.—This fungus is Pesiza ni- 
common upon the bark of oaks soon after they have been cut *™ 
down. Its surface has a black colour, while the fleshy part is 
gelatinous, semitransparent, and elastic. Four hundred parts 
of it analysed by Braconnot yielded the following consti- 
tuents : 


WWielerisi aie) bias te Ayal e a kewe the ce io TOO 
Cerasin ....... yg As UE gegen take ant Aa eee a Ai ewan 18°4 
RO eee cca voces Hele ek ton' «core eT a eR COSC 
Fungic acid chiefly free Naas Ware eee ie 
Bacar OF MuUShTOOMS pias cle’. gto ps ulalb's acaia ways se OA 


Matter soluble in alcohol very little animalized ..  —-O"4 
Fatty matter, rendered purple by potash ........ 4, 
Potash and lime ........ PRUNE take i pk SOP race 


407°2T 


18. Lycoperdon tuber, or tuber cibarium; truffles-——This is a Truties. 
globular fungus found four or five inches under ground, in 
woody places, and is considered as one of the best of the eat- 
able mushrooms. Bouillon La Grange has subjected It to a 
chemical analysis.t It was Aticmnptedl nearly in the manner 
formerly described for ascertaining the constituents of the dif- 
ferent species of corn. 

It was grated down small, and then washed with water 
upon a searce, till the liquid ceased to carry off any thing. 

A blackish fibrous matter remained upon the searce. The 
liquid let fall a brown coloured matter when left at rest. The \ 
liquid produced no effect upon vegetable blues. The brown 


* Ann. de Chim. Ixxx. 291. | + Ibid, Ixxxvii. 253. 
t Ibid. xlvi. 197. 
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deposite does not resemble starch in its properties. Water 
produces but little effect upon truffles. Warm water, how- 
ever, dissolves a portion, which possesses the characters of al- 
bumen. 

When the plant was treated with nitric acid, a solution 
was accomplished; nitrous gas, carbonic acid, and azotic gas 
were disengaged; and the solution, by distillation, yielded a 
liquor containing prussic acid. ‘The residual liquid yielded 
bitter principle, an oily matter, and small crystals, which. 
Bouillon La Grange considered as a combination of oxalic 
acid and bitter principle. He suspected also the presence of 
malic acid. 

Alcohol dissolves a small portion of brownish bitter matter, 
which acquires the properties of resin by exposure to the 
atmosphere. 

When truffles are left in the state of a paste with water, 
they acquire the smell of cheese. When mixed with sugar 
and water they undergo fermentation, carbonic acid is disen- 
gaged, and alcohol formed. 

When distilled, truffles yield an acid liquid, a black oil, car- 
bonate of ammonia, carbonic acid, and carburetted hydrogen, 
The charcoal contains magnesia, phosphate of lime, iron, and 
silica.* 

Several experiments have been likewise made upon this 
plant by Robert and Antoine, which confirm those of Bou- 
illon La Grange. 

19. Reticularia portensis, or mucor septicus.—This singular 
vegetable substance appears upon the leaves of ivy and beech, 
but it is most common upon tan in hot houses. It has no 
certain size or figure, but has a fine yellow colour and at first 
resembles cream beat up to froth. In 24 hours it acquires a 
thin filmy coat, becomes dry and full of a sooty powder ad- 
hering to downy threads. According to the analysis of Bra- 
connot its constituents are, | 


Fungin, very much divided. 

A notable quantity of carbonate of lime. 
Albumen. 

An animal matter. 

A yellow fatty matter. 

Acetate of potash.+ 


* Bouillon La Grange, Ann. de Chim. xlvi. 197. 
t+ Ann. de Chim. lxxx. 283. 
6 
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20. Tremella nostoc.—I place this singular vegetable sub- chap. 1. 
stance here on account of its resemblance to the preceding ~—, 
species. It has more similarity to an animal than a vegetable nostec. 
body. Some naturalists indeed are of opinion that te is the 
spawn of the frog or of some similar animal. Braconnot sub- 
jected it to analysis and extracted from 200 parts of it the fol- 
lowing’ ingredients : / 


BV LEDs cok. ei alcatel vices (dw eine ea pL OOTO 
WB tasary 8 ue oat LG hee all ley aa i aii at a 
Mucus, having a spermatic sie iit Sua ee 
EAD aee Rte srs okey 
Phospliate Ar lime.. 
Carbonate of lime. 
Muriate of potash .. 
Sulphate of potash . . 
TROBE. alata lin Bk ¢ 


in small quantity. 
| 
J 


200°0* 
SECT. XIV. 


OF FUCI. 


Fuct are well known plants that vegetate in the sea, and History. 
by the combustion of which the impure alkaline body called 
Kelp is obtained. Great quantities of fuci are burnt for this 
manufacture on the coasts of Scotland and Ireland. The 
same substance is made on the coast of Normandy, and is 
known in France by the name of varec. Some of these fuci 
were examined in 1777 by Macquer and Poulletier de la 
Salle, chiefly in order to determine the different saline sub- 
stances which they contain, and the result of their experi- 
ments was published by Macquer in the second edition of his 
dictionary.t But chemical analysis had at that time made too 
little progress to enable these gentlemen to determine with 
accuracy the nature of the different salts which they had to 
examine and separate. Besides, they did not distinguish be- 
tween the different species of fuci; but subjected them indis- 
criminately to the destructive agency of fire. 

After the discovery of iodine in kelp the attention of che- 
mists was naturally turned towards the fuci, by means of which 


* Ann. de Chim, Ixxxvii, 265. + Under the article Vurec. 
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kelp is procured. Several of them accordingly were examined 
in 1814, by Sir H. Davy, who detected traces of iodine in 
their ashes.* In 1815, an elaborate analysis of six different 
species of fucus was published by M. Gaultier de Claubry.+ 
During the same year Dr. John, actuated by the same mo- 
tive, a desire to determine: whether iodine could be detected | 
in fuci, made a set of experiments on the fucus vesiculosus, 
which he likewise published.{ Vauquelin had previously 
made some observations on the saccharine matter contained — 
in different fuci, and had shown that it possessed the charac~ 
ters of manna, and this was fully confirmed by the subsequent 
experiments of M. Gaultier de Claubry. I shall in this sec- — 
tion give the constituents of the different species of fucus 
hitherto subjected to analysis. 

1. Fucus saccharinus—This which is very common on our 
coasts consists of a single linear eliptic leaf, without any mid- 
rib. It has a tawny-green colour, and when full grown is 
about 5 feet long and 3 inches wide, But it varies prodi- 
giously in size. Gaultier de Claubry analysed this fucus by 
treating it first with water, then with alcohol. He examined 
it also by means of sulphuric acid, nitric acid, and potash. 
Finally he subjected it to combustion and analyzed the ashes 
which remained behind. ‘The constitution of it was found — 
very complicated, as no fewer than 21 ingredients were ex- 
tracted from it. The following were the substances: | 


A saccharine matter. Manna. Muriate of magnesia. 


Mucilage in considerable Hyposulphite of soda.§ 


quantity. Carbonate of potash. 
Vegetable albumen. Carbonate of soda. 
Green colouring matter. Hydriodate of potash. 
Oxalate of potash. Silica. | 
Malate of potash. Subphosphate of lime. 
Sulphate of potash. Subphosphate of magnesia. 
Sulphate of soda. Oxide of iron probably united 
Sulphate of magnesia. with phosphoric acid. 
Muriate of potash. Oxalate of lime. || 


Muriate of soda. 


* Phil. Trans. 1814, p. 505. 

+ Ann. de Chim. xcili. 75 and 113. t Schweigger’s Jour. xiii. 464. 

§ Tam not acquainted with this salt, nor do I know any method. by 
which it could be formed. Probably the salt obtained by M. Gaultier de 
Claubry was sulphite of soda. 

|| Ann. de Chim, xcili. 83. 
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2, Fucus digitatus.—This fucus is olive-coloured : it consists Chap. 11. 
of a cylindrical stem sometimes as thick as a walking stick and Sar a1 
about two feet long.’ ‘The summit of the stalk ident di- 
lates into a plain broad leaf; sometimes about a foot in breadth 
and a foot and a half in length, and divided almost to the base 
into sword-shaped, ribless segments, from four to about 
twelve in number. It is much employed in Scotland as a 
manure for the land. It was subjected to analysis by Gaultier 
de Claubry, who found in it the same constituents, as in the 
preceding species, but in different proportions. The quantity 
of hydricdate of potash which it contained was much smaller.* 

3. Fucus vesiculosus—This very common fucus consists of vesiculosus, 
a dichotomous leaf, the edges of which are entire, and in the 
disc of which near the edges are immersed a number of air 
bladders about the size of a hazel nut, the use of which seems 
to be to cause the leaf to float in the water. From the ana- 
lysis of Gaultier de Claubry, it appears to contain nearly the 
same constituents as the preceding species. He did not ob- 
tain the mucilaginous matter which the fucus saccharinus 
yields in such abundance. It contains less malic acid and less 
iodine than the fucus saccharinus, but its other constituents 
are the same.t John from 100 parts of this fucus in a dry 
state obtained the following constituents : 


A brownish-red slimy matter.......... eh Ahan | 
Flesh-red extract with some sulphate and marie} 4. 
CQUESORS ay atk wots Cie teginsts oth) ¢ pie sa oldies Se Bd 
PO DECIMAL ACTO 6 stasd's o siviers «'« oR Mies NC eM IAN ces 
PL ESIOUSAAL % oie e'n p siafalp win'e sie « Sleep wig isiitietsts sae eetr es 
Sulphate of soda with some common salt ....... aie ye 
Sulphate of lime with much sulphate of magnesia 
and some phosphate of lime .......... Nadatey senha, 


Trace of oxides of iron and manganese .......... — 
Membranous matter or albumen of fuci .......... 78 
“SLE RCPS Ee. shine aga teks Oa eoweee#8 @ @oeeee%e#ee8rte ose © 8 @ ®@ 


10000 ¢ 


4, Fucus serratus—This fucus, like the preceding, is a serratus, 
dichotomous leaf; but its edges are serrated, and it wants 
the air bladders which characterize the vesiculosus. "When 


analyzed by Gaultier de Claubry, it yielded abundance of 


* Ann. de Chim. xciii. 113. ¢ Ibid. 116. 
t Schweigger’s Jour. xili. 464. 
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mucilage and albumen. Alcohol separated from it a bitter 


—~— substance of a brownish-red colour; likewise a green matter . 


Siliquosus, 


Filum. 


which precipitated when the alcohol was cooling, and which 
had a bitter and disagreeable taste. The salts are the same 
as in the preceding species; but it contains more iodine than 
fucus digitatus or vesiculosus; it contdins likewise a greater 
quantity of carbonate of soda.* : 

5. Fucus stliquosus. —This fucus consists of a waved coria~ 
ceous stalk, about four feet long, greatly branched, dark-olive 
when fresh but quite black when dry. ‘The fructifications 
have the appearance of little flat pods. When examined by — 
Gaultier de Claubry he obtained abundance of albumen, mu- 
cilage having a brownish-red colour, a very bitter substance 
soluble in alcohol, a substance of a greenish-brown colour, 
soluble in hot but insoluble in cold alcohol; the same salts 
as in the preceding species; but very little iodine. When 
dried it becomes covered with a notable quantity of manna 
sugar.t 

6. Fucus filum.—This consists of a cylindrical thread from 
the size of a fiddle string to that-of a whip cord, and often 
twelve feet long. Its colour is olive-green. When dry it 
becomes nearly black; but by exposure to the air it acquires 
a yellowish or nearly white colour. When examined by 
Gaultier de Claubry, he found in it scarcely any sensible 
quantity of albumen, a good deal of mucilage, a very little 
green matter soluble in hoe alcohol, and precipitating as the 
liquid cools: ‘The same salts as in the preceding species; but 


very little iodine. { 


: SECT. XV. 
OF THE DISEASES OF PLANTS. 


HavinG now given such an account of the parts of plants 
as the present imperfect state of vegetable chemistry per- 
mitted, it remuins for us to point out the new substances ge~ 
nerated in plants by disease, and to describe the properties of 
these substances. But though the diseases of plants are nu- 
merous and well marked, and though the effects which they 
produce on those vegetables which are employed as articles 
of food are often severely felt, yet little progress has been 


* Ann. de Chim. xciii. 119. f Ibid. p. 121. { Ibid. p. 123. 
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‘made, either in ascertaining the nature of these diseases, or Chap. 11. 


the method of preventing or removing them. The following 
are the only observations, strictly chemical, which can be at 
present offered : 


1. Old trees are frequently affected with a kind of ulcer, Ulcers. 


the chief seat of which is under the bark. ‘There the juices 
undergo achange, and acquire a certain acridity, which enables 
them to corrode and destroy the solid parts of the plant. We 
-are indebted to Vauquelin for an examination of the sanies or 
morbid liquid which flows from the ulcer in these cases. He 
collected the matter which he examined from the elm, which 
is particularly subject to this disease.* 

This liquor is sometimes nearly transparent like water, and 
having an acrid and saline taste; sometimes it is slightly co- 
loured, sometimes blackish or brown. It deposits upon the 
sides of the ulcer a soft matter, which is insoluble in water. 
The bark over which the transparent sanies passes becomes 
white like chalk, acquires an alkaline taste, and effervesces 
powerfully with acids. It becomes friable, loses its fibrous 
texture, and exhibits the appearance of crystals. By means 
of a glass small rhomboids and four-sided prisms can be dis- 
tinguished in it. When the liquid is dark-coloured, the bark 
assumes a black appearance, and looks as if covered with a 
coat of varnish. ‘This black matter is sometimes in such 
quantity that it assumes the appearance of stalactites. It is 
soluble in water, has an alkaline taste, effervesces with acids. 

The white matter which was deposited on the bark of the 
elm round the ulcer, was found composed of 


Vegetable matter ........ 60°5 
Carbonate of potash...... 34°2 
Carbonate of lime ....... 5:0 
Carbonate of magnesia.... 0°3 


100°0 


The black shining matter consisted of carbonate of potash, 
and a peculiar substance which was obviously ulmin. 
The destructive tendency of such uleers in trees is suffi- 


ciently obvious. Vauquelin has shown, that to produce the , 


quantity of white matter which surrounded the ulcer of the 


* Ann. de Chim. xxi. 39. 
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Book rv. elm, and on which he made his experiments, 500 lbs. weight 
~—” of the wood of the tree must have been destroyed.* 


Blight in 
wheat, 


In barley. | 


2. The blight is a disease which attacks the different species 
of corn, especially wheat, and in some seasons nearly destroys 
the crop. It begins first upon the leaves and stem, and at 
last, attacking the seed, destroys a considerable part, or even 
the whole of it, leaving a black matter in its place. Botanists 
have shown, that this black matter is a species of small fun- 
gus, which draws its nourishment from the wheat.t The 
wheat thus loaded with the black fungus has been lately exa- 
mined by Fourcroy and Vauquelin, in order to ascertain how 
far the experiments of former chemists were precise. ‘The re- 
sult of their examination has been published in the sixth vo- 
lume of the Annales de Museum d’ Histoire Naturelle. ¢ 

When the wheat was macerated with alcohol, it gave out a 
portion of acrid oil, of the consistence of butter, of a deep 
green colour. Water in which it was steeped acquired acidity, 
and when saturated with potash let fall an animal matter, ~ 
mixed with phosphate of ammonia-and-magnesia, and held 
phosphate of potash in solution: of course, the acid which it 
contained was the phosphoric. It still retained in solution a 
matter similar to gluten of wheat allowed to run into putri- 
faction. ‘The residue, distilled, yielded water, holding in 
solution acetic acid and acetate of ammonia, a brown oil, and - 
a quantity of charcoal, amounting to nearly 1th of the original 
weight. ‘The result of the experiments was, that blighted 
wheat contained an acrid oil, putrid gluten, charcoal, phos- 
phoric acid, phosphate of magnesia and ammonia, and phos- 
phate of lime; but no traces of starch could be detected. 

3. Barley is subject to a similar disease with wheat, and, 
doubtless, from the same cause. Einhof has subjected this 
grain, damaged by the rubigo, or blight, to a chemical exami-_ 
nation. ‘The result of his trials coincides pretty nearly .with 
the experiments of Fourcroy and Vauquelin on blighted 
wheat. He could detect no starch in it. The infusion of it 
in water reddened vegetable blues, and contained an acid, 
which appeared to be the phosphoric. ‘There was present a 


* Ann. de Chim. xxi. 39. 

¢ Sce an account of this fungus, with figures of it, and ingenious con- 
jectures respecting its propagation, by Sir Joseph Banks. Nicholson’s 
Jour, x. 22. 

t No. xxxv. p. 332. 
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peculiar animal matter, differing in its properties from any of chap. m1. ° 


the principles of barley, and a quantity of charcoal.* 


CHAP. III. 
OF VEGETATION. 


- WE have now seen the different substances which are con- 
tained in plants, and of which they are composed; but we 
have still to examine the manner in which these substances 
are produced, and to endeavour to trace the different pro- 
cesses which constitute vegetation. But I must warn the 
reader not to expect complete information in this chapter. 
The wonders of the vegetable kingdom are still but very im- 
_ perfectly explored; many of the organs of plants are too mi- 
nute for our senses ; and'scarcely a single process can be com- 
pletely traced. 

The multiplicity of operations continually going on in ve- 
getables at the same time, and the variety of different, and 
even opposite substances, formed out of the same ingredients, 
and almost at the same place, astonish and confound us. ‘The 
order, too, and the skill with which every thing is conducted, 
are no less surprising. No two operations clash; there is no 
discord, no irregularity, no disturbance; every object is gain- 
ed, and every thing is ready for its intended purpose. This 
is too wonderful to escape our observation, and of too much 
importance not to claim our attention. Many philosophers, 
accordingly, distinguished equally by their industry and saga- 
city, have dedicated a great part of their lives to the study of 
vegetation. But hitherto their success has not been equal to 
their exertions. No person has been able to detect this 4gent, 
always so busy, and performing such wonders, or to discover 
him at his work; nor have philosophers been much more 
fortunate in their attempts to ascertain the instruments which 
he employs in his operations. A great variety, however, of 
curious and interesting facts have been discovered. ‘These 
I shall attempt in the following sections to collect and ar- 
range, to point out their dependehicé on each other, and per- 
Hips to deduce such neal gigas as obviously result from 
this mutual dependence. 


* Gehlen’s Jour. vi. 91. 
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OF GERMINATION. 


1. Naturat historians have proved, by a very complete in- 
duction of facts, that all plants arise from seeds. ‘The pre- 
tended exceptions have disappeared, one after another, as our 
knowledge of vegetables increased: and now there remains 
scarcely a single objection entitled to the smallest regard. The 
late attempt of Girtanner* to revive the doctrine of equivocal — 
generation, deserves no attention whatever; because his con- 
clusions are absoJutely incompatible with the experiments of 
Mr. Sennebier upon the very substance on which his theory is 
founded. | 

A seed consists of three parts; namely, the cotyledons, 
the radicle, and the plumula, which are usually inclosed in a 
cover. | 
If we take a garden bean, we may perceive each of these 
three parts with great ease; for this seed is of so large a size, 
that all its organs are exceedingly distinct. When we strip 
off the external coats of the bean, which are _a@ 
two, and of different degrees of thickness in A Ul 
different parts, we find that it easily divides |N / 
into two lobes, pretty nearly of the same size a 


and figure. Lach of these lobes is called a ao 


cotyledon (fig. a.) ‘The cotyledons of the 
bean, then, are two in number. 

Near that part of the lobes which is contiguous to what is 
called the eye of the bean, there is a.small round white body 
(b), which comes out between the two lobes. This body is 
called the radicle. 

Attached to the radicle there is another small round body 
(c), which lies between the cotyledons, and wholly within 
them, so that it cannot be seen till they are separated from 
each other. This body is called the plumula. | 

The appearance and shape of these three parts. vary 
much in different seeds, but there is no seed which wants 
them. ‘The figure and size of the seed depend chiefly upon 
the cotyledons. This is evidently the case with the bean, and 
it is so with all other seeds. The number of cotyledons 
is different in different seeds. Some seeds have only one coty- 


* Ann. de Chim. xxxiv. 35. 
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ledon, as the seeds of wheat, oats, barley, and the whole tribe chap. tr. 
of grasses; some have three; others six, as the seeds of the 
garden cress; but most seeds, like the bean, have two coty- 
Jedons. 

2. When a seed is placed in a situation favourable to Vege~ Germina- 
tation, it very soon changes its appearance. ‘The radicle is “" 
converted into a root, and sinks into the earth, the plumula 
on the other hand, rises above the earth, and becomes the 
trunk or stem. When these changes take place, the seed is 
said to germinate: the process itself has been called germina- 
tion. Seeds do not germinate equally and indifferently i in all 
places and seasons. BiereiAebel therefore, is a process which 
does not depend upon the seed alone: something external must 
also affect it. 

3. It is a well known fact, that seeds will not germinate Requires 
unless moisture have access to them; for seeds, if they are kept ™"™" 
perfectly dry, never vegetate at all, and yet their power of 
vegetation is not destroyed. Water, then, is essential to ger- 
mination. ‘Too much water, however, is no less prejudicial 
to most seeds than none at all. ‘The seeds of water plants, 
indeed, germinate and vegetate extremely well in water; but 
most other seeds, if they are kept in water beyond a certain 
time, are rotted and destroyed altogether. 

4. It is well known also, that seeds will not germinate, even Heat, 

though supplied with water, provided the temperature be below 
a certain degree. No seed, for instance, on which the experi- 
ment has been tried, can be made to vegetate at or below the 
freezing point: yet this degree of cold does not injure the 
vegetating power of seeds; for many seeds will vegetate as 
well as ever after having been frozen, or after having been 
kept in frozen water. We may conclude, then, that a certain 
degree of heat is necessary for the germination of seeds: and 
every species of plant seems to have a degree peculiar to itself, 
at which its seeds begin to germinate; for every seed has a 
peculiar season at which it begins to germinate, and Snis sea- 
son varies with the temperature of the air. Mr. Adanson 
found that seeds, when sown at the same time in France and 
in Senegal, always appeared sooner above ground in the lat- 
ter country, where the climate is hotter than in France.* 

5. Seeds, although supplied with moisture and placed in a ana oxygen 

proper temperature, will not germinate, provided atmospheri- ** 


* Eneyc. Method. Physiol. Veget. 124. 
VOL. IV. x 7 
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Book IV. cal air be completely excluded from them. Mr. Ray found 


that grains of lettuce did not germinate in the vacuum of an 
air-pump, but they began to grow as soon as air was admitted 
to them.* Homberg made a number of experiments on the 
same subject, which were published in the Memoirs of the 
French Academy for the year 1693. He found, that the 
greater number of seeds which he tried refused to vegetate in 
the vacuum of an air-pump. Some, however, did germinate: | 
but Boyle, Muschenbroek, and Boerhaave, who made experi- 
ments on the same subject in succession, proved beyond a 
doubt that no plant vegetates in the vacuum of an air-pump; 
and that in those cases in which Homberg’s seeds germinated, 
the vacuum was far from perfect, a quantity of air still remain- 
ing in the receiver. It follows, therefore, that no seed will 
germinate unless atmospherical air, or some air having the 
same properties, have access to it. It is' for this reason that 
seeds will not germinate at a certain depth below the ‘surface 
of the earth. © 

Mr. Scheele found that beans would not germinate except 
oxygen gas were present: Mr. Achard afterwards proved, that 
oxygen gas is absolutely necessary for the germination of all 
seeds, and that no seed will germinate in azotic gas, or hydro- 
gen gas, or carbonic acid gas, unless these gases contain a 
mixture of oxygen gas. ‘These experiments have been con- 
firmed by Mr. Gough, Mr. Cruickshank, and many other 
philosophers. It follows, therefore, that it is not the whole 
atmospheric air, but merely the oxygen gas which it contains, 
that is necessary for the germination of mee 

Nay, Mr. Humboldt has ascertained that seeds vegetate | 
more rapidly when steeped in chlorine, or when watered with 
it; and this substance is well known for the facility with which 
it decomposes water and sets at liberty oxygen. It seems even 
to augment the vegetative power of seeds. At Vienna several 
seeds which had been long kept, and which had constantly 
refused to germinate, grew readily when treated with itt | 


* Phil. Trans. No. li. 

+ Carradori, indeed, has lately attempted to show that seeds will begin 
to germinate without oxygen. (Ann. de Chim. xlviii. 188.) But we learn 
from the experiments of Saussure, that the water in which the seeds in these 
cases are steeped, contains in solution as much oxygen ‘as is sufficient to 
enable the seeds just to commence germination, but not to make any preg 
gress. (Recherches Chimiques sur la Vegetation, p. 3.) 

{ Jour. de Phys. xlvii, 63. 
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6. Light also has considerable influence on the germination Chap. mt. 
of seeds. Ingenhousz found that seeds always germinate faster etna te 
in the dark than when exposed to the light.* His experi-lisht. 
ments were repeated by Mr. Sennebier with equal success.+ 
But the Abbé Bertholin, who distinguished himself so much 
by his labours to demonstrate the effect of electricity on vege- 
tation, objected to the conclusions of these philosophers, and 
affirmed that the difference in the germination of seeds in the 
shade and in the light -was owing, not to the light itself, but 
to the difference in the moisture in the two situations; the 
moisture evaporating much faster from the seeds in the light 
than from those in the shade; and he affirmed, that when 
precautions were taken to keep éhe seeds equally moist, those in 
the sun germinated sooner than those in the shade.} But when 
Mr. Sennebier repeated his former experiments, and employed 
every possible precaution to ensure equality of moisture in 
both situations, he constantly found the seeds in the shade 
germinate sooner than those in the light. We may con- 

Elude, therefore, that light is injurious to germination; and 
hence one reason for covering seeds swith: the soil in which 
they are to grow. But from the recent experiments of Saus- 
sure, there is reason to believe that light is only injurious in 
consequence of the heat which it mepcuiuaea: for when the 
direct rays of the’sun were intercepted, though light was ad-- 
the\germination of the seeds was not sensibly retarded.|| 

. Thus we have seen that seeds will not germinate unless 
Dives, heat, and oxygen be present. Now, in what manner 
do these substances affect the seed? What are the changes 
which they produce? : 

It was observed before, that all seeds have one or more co- Phesomena 
tyledons. These cotyledons contain a quantity of farinaccous 7 Apc 
‘matter, laid up on purpose to supply the embryo plant with 
food as soon as it begins to require it. This food, however, 
must undergo some previous preparation, before it can be 
applied by the plant to the formation or completion of its 
organs. It is probable that all the phenomena of germination, 
which we can perceive, consist in the chemical changes which 


* Experiences sur les Vegetaux, 11. 
+ Mem. Physico-Chimiques, ili. 41. 
{ Jour. de Phys. 1789, December. 
§ Encyc. Method. Physiol. Veget. 126. 
~ |} Recherches Chimiques sur la Vegetation, p. 23. 
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VEGETATION. 
are produced in that food, and the consequent developement 
of the organs of the plant. 

When a seed is placed in favourable circumstances, it gra- 
dually imbibes moisture, and very soon after emits a quantity 
of carbonic acid gas, even though no oxygen gas be present.* 
If no oxygen gas be present, he process stops here, and no 
germination takes place; but if oxygen gas be present, a por- 
tion of it is converted into carbonic acid gas. From the ex- 
periments of Saussure, it appears, that if ‘sbeds be left to ger- 
minate in a determinate portion of oxygen gas or common 
air, the bulk of that gas is not altered; the carbonic acid 
formed being equal to the oxygen which has disappeared. 
Hence it follows, that the carbonic acid contains in it exactly 
the whole oxygen consumed.f No oxygen, then, is absorbed 
by the seed ; or at least, if it be absorbed, none of it is retained, 
the whole being thrown out in combination with carbon. The. 
quantity of oxygen thus changed into carbonic acid by the 
germination of seeds, is in some measure proportional to the 
weight of the seed; but some seeds require more than others. 
In the experiments of Saussure, wheat and barley, weight for 
weight, consumed less oxygen than peas; while peas consumed. 
less than-beans and kidney-beans. The oxygen consumed by 
wheat and barley amounts to between -),;th and 72,;th of 
their weight; while that consumed by beans, and kidney-— 
beans may amount to =1,th part of their weight.{ Similar 
experiments were made by Dr. Woodhouse.§ 

It does not appear that any water is decomposed during the 
process of germination, at least we have no evidence that it is 
so. Neither hydrogen nor oxygen gas are emitted. It would) 
not be surprising if a portion of water, so far from being de- 
composed, were actually formed by the union of its constitu- 
ents previously existing in the grain. When Saussure dried 
seeds at a certain temperature before germination, and after- 
wards brought them to the same degree of dryness after ger- 
mination, he always found that the loss of weight was greater 
than it ought to have been. Thus 73 peas, which together 


* Gough, Manch. Mem. iv. $15. Cruickshank, Rollo on Diabetes, 


‘p. 452. 


+ Jour. de Phys. xlix. 92. t Recherches, p. 13. 

§ He tried the seeds of the zea mays, apium petroselinum, lactuca sativa, 
cucurbita citrulla, phaseolus sativus, sisymbrium sativum, raphanus sativa. 
They. changed oxygen into carbonic acid. Nicholson’s Jour. ul. 161. 
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(when dried at 77°) weighed 200 grains, when left with five 
times their weight of water in a vessel full of air, and standing 
over mercury for two days, germinated, and produced 4. 
cubic inches of carbonic acid. They were taken out, and 
dried slowly at the same temperature ; during their drying they 
changed 44 cubic inches more of oxygen into carbonic acid. 
Now these nine inches of carbonic acid contain 1°7 grains of 
carbon. ‘The water in which peas had been placed while 
germinating, when evaporated to dryness, left 0°75 erains of 
mucilaginous matter. Thus the peas, by germinating and 
drying, ought to have lost only 2:45 grains, leaving a residue 
of 197°55 grains. But their weight was only 189 grains. So 
that they had lost eight grains more than can be accounted 
for by the mucilage taken up by the water and carbonic acid 
formed. We are obliged to suppose this loss owing to water. 
¥rom Saussure’s experiments, this water seems to be formed 
or set at liberty during the drying of the seeds, for the quan- 
tity of it always increased with the slowness of the process of 
drying.* | | 

Several seeds, by germinating, acquire a sweetish taste. 
Hence it has been supposed, that the mucilage which they 
contain is converted into saccharine matter. We see that 
the carbon is diminished by germination; and unless water 
be formed, the proportion. of hydrogen and oxygen must be 
proportionably augmented. It is obvious from the process of 
malting, that heat is generated during germination. I have 
seen the radicles of barley, when kept without turning on the 
malt-floor, shoot out half an inch in a single night, and the 
heat rise as high as 100°. 

So far seems to be the work of chemistry alone; at least we 
have no right to conclude that any other agent interferes; 
since hay, when it happens to imbibe moisture, exhibits 
nearly the same processes. Carbonic acid gas is evolved, 
oxygen gas is absorbed, heat is produced so abundantly, that 
the hay often takes fire: at the same time a quantity of 
sugar is formed. It is owing to a partial change of the same 
kind that old hay generally tastes much sweeter than new hay. 
Now we have no reason to suppose that any agents peculiar to 
the vegetable kingdom reside in hay ; as all vegetation, and all 
power of vegetating, are evidently destroyed. 


* Saussure, Recherches Chimiques sur la Vegetation, p. 17. 
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But when the farina in the seeds of veget- 
ables is converted into sugar, a number of 


ledon. The reader will have a pretty dis- 
tinct notion of their distribution by inspect- 
ing the figure. These vessels may indeed be 
detected in many seeds before germination 
commences, but they become much more 
distinct after it has made some progress. Branches from 
them have been demonstrated by Grew, Malpighi, and Hed= 


wig, passing into the radicle, and distributed through every 


part of it. ‘hese evidently carry the nourishment prepared 


in the cotyledons to the radicle; for if the cotyledons be cut — 


off, even after the processes above described are completed, 
germination, as Bonnet and Sennebier ascertained by experi- 
ment, immediately stops. The food therefore is conveyed 
from: the cotyledons into the radicle; the radicle increases in 
size, assumes the form: of a root, sinks down into the earth, 
and soon becomes capable of extracting the nourishment ne- 
cessary for the future growth of the plant. Even at this period, 
after the radicle has become a perfect root, the plant, as Sen- 
nebier ascertained’ by experiment, ceases to vegetate if the 


_ cot yledons be cut off. They are still, then, absolutely neces- 


sary for the vegetation of the plant. 

The cotyledons now assume the appearance of leaves, and 
appear above the ground, forming what are called the seminal 
leaves of the plant. After this the plwmula gradually increases 


‘in size, rises out of the earth, and expands itself into branches 


and leaves. ‘The seminal leaves, soon after this, decay and 
drop off, and the plant carries on all the processes of veget- 
ation without their assistance. 

As it does not appéar that there is any communication be- 
tween the cotyledons and the plumula, it must follow that the 


nourishment passes into the plumula from the radicle; and | 


accordingly we see that the plumula does not begin to vege- 
tate till the radicle has made some progress. Since the plant 
ceases to vegetate, even after the radicle has been converted 


into a' root, if the cotyledons be removed before the plumula — 
is developed, it follows that the radicle is insufficient of itself | 


to carry on the processes of vegetation, and that the cotyle- 


Digest the dons still continue to perform a part. Now we have scen 
food sent by 


already what that part is; they prepare food for the nourish- 
ment of the plant. The root, then, is of itself insufficient for 
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this purpose. When the cotyledons assume the form of chap. 1m. 
seminal leaves, it is evident that the nourishment which was “~~~ 
originally laid up in them for the support of the embryo plant 
is exhausted, yet they still continue as necessary as ever. 
_ They must therefore receive the nourishment which is im- 
bibed by the root; they must produce some changes on it, 
render it suitable for the purposes of vegetation, and then send 
it back again to be transmitted to the plumula. 

After the plumula has acquired a certain size, which must 
be at least a line, if the cotyledons be cut off, the plant, as 
Mr. Bonnet ascertained by a number of experiments, after- 
wards repeated with equal success by Mr. Sennebier, does 
not cease to vegetate, but it continues always a mere pigmy : 
its size, when compared with that of a plant whose cotyledons 
are allowed to remain, being only as two to seven.* 

When the plumula has expanded completely into leaves, 
the cotyledons may be removed without injuring the plant, 
and they very soon decay of themselves. It appears, then, | : 
that this new office of the cotyledons is afterwards performed 
by that part of the plant which is above ground. 

Thus we have traced the phenomena of germination as far 
as they have been detected. ‘The facts are obvious; but the 
manner in which they are produced is a profound secret. We 
can neither explain how the food enters into the vessels, how 
it is conveyed to the different parts of the plant, how it is de- 
posited in every organ, nor how it is employed to increase the 
size of the old parts, or to form new parts. These phenomena 
are analogous to nothing in mecianics or chemistry, but re- 
semble exactly the organization and nourishment of animals. 
They belong therefore to that difficult branch. of science 
known by the name of Physiology. 


~ 


SECT. II 4 
OF THE FOOD OF PLANTS. 


Prants, after they have germinated, do not remain sta- 
tionary, but are continually increasing in size. A tree, for 
instance, every season adds considerably to its former bulk. 
The root sends forth new shoots, and the old ones become 
larger and thicker. The same increment takes place in the 


* Encyc. Method. Physiol. Veget .42. 
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branches and the trunk. When we examine this increase 
more minutely, we find that a new layer of wood, or rather 
of alburnum,* has been added to the tree in every part, and 
this addition has been made just under the bark. We find, 
too, that a layer of alburnum has assumed the appearance of 
perfect wood. Besides this addition of vegetable fibre, a great 
number of leaves have been produced, and the tree puts forth 


flowers, and forms seeds. 


It is evident from all this, that a great deal of new matter 
is continually making its appearance in plants. Hence, since 


it would be absurd to suppose that they create new matter, it © 


must follow that they receive it by some channel or other. 
Plants, then, require food as well as animals. Now, what is 
this food, and whence do they derive it? ‘These questions 
can only be answered by an attentive survey of the substances 
which are contained in vegetables, and an examination of 
those substances which are necessary for their vegetation. If 
we could succeed completely, it would throw a great deal of 
light upon the nature of soils and of manures, and on some of 
the most important questions in agriculture. But we are far 
indeed at present from being able to examine the subject to 
the bottom, 

1. In the first place, it is certain that plants will not vege- 
tate without water; for whenever they are deprived of it, they 
wither and die. Hence the well-known use of rains and 
dews, and the artificial watering of ground. Water, then, is 
at least an essential part of the food of plants. But many 


plants grow in pure water; and therefore it may be ques- — 


tioned whether water is not the only food of plants. ‘This 
opinion was adopted very long ago, and numerous experi- 


ments have been made in order to demonstrate it. Indeed it , 


was the general opinion of the 17th century; and some of the 
most successful improvers of the physiology of plants, in the 
18th century, have embraced it. The most zealous advocates 
for it were, Van Helmont, Boyle, Bonnet, Duhamel, and 


Tillet. 


* The wood, when we inspect it with attention, is not, through its whole 
extent, the same; the part of it next the bark is much softer and whiter, 


~ and more juicy than the rest, and has for that reason obtained a particular 


name; it has been called the alburnum or aubier. The perfect wood is 
browner, and harder, and deuser than the alburnum, and the layers increase 
in density the nearer they are to the centre. 
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Van Helmont planted a willow which weighed five pounds, Chap. mt. 
in an earthen vessel filled with 200 Ibs. of soil previously dried 55a 
in an oven, and moistened with rain water. ‘This vessel he thesele food 
sunk into the earth, and he watered his willow, sometimes Salas 
with rain, and sometimes with distilled water. After five 
years it weighed 1691 lbs. and the earth in which it was 
planted, when again dried, was found to. have lost only two 
ounces of its original weight.* Here, it has been said, was an: 
increase of 164 lbs. and yet the only food of the willow was 
pure water; therefore it follows that pure water is sufficient 
to afford nourishment to plants. ‘The insufficiency of this ex- 
periment to decide the question was first pointed out by 
Bergman in '1773.;+ He showed, from the experiments of 
Mareraff, that the rain water employed by Van Helmont con- 
tained in it as much earth as could exist in the willow at the 
end of five years. For, according to the experiments of Mar- 
graff, one pound of rain water contains one grain of earth.t 
The growth of the willow, therefore, by no means proves that 
the earth which plants contain has been formed out of water. 
Besides, as Mr. Kirwan has remarked,§ the earthen vessel 
must have often absorbed moisture from the surrounding 
earth, impregnated with whatever substance the earth con- 
tained ; for unglazed earthen vessels, as Hales|| and Tillet** 
have shown, readily transmit moisture. Hence it is evident, put without 
that no conclusion whatever can be drawn from this experi- '*°" 
ment; for all the substances which the willow contained, 
except water, may have been derived from the rain water, 
the earth in the pot, and the moisture imbibed from the sur- 
rounding soil. . 

The experiments of Duhamel and Tillet are equally incon- 
clusive ; so that it is impossible from them to decide the ques- 
tion, Whether water be the sole nourishment of plants or 
not? But all the attempts hitherto made to raise plants from 
pure water have failed; the plants vegetating only for a cer- 
tain time, and never perfecting their seeds. These experti- 
ments were made by Hassenfratz, Saussure, and others, with 
the same unfavourable result. Duhamel found, that an oak, 
which he had raised by water from an acorn, made less and 


* Opera Van Helmont, p. 105. Complexionum atque Mistionum Ele- 
mentalium Figmentum, Sect. 30. 

+ Opusce. v. 92. t Ibid. ii. 15 and 19. § Irish Trans. v. 160. 

| Veget. Stat. 1. ** Mem. Par, 1772, 29. 


314 


Book IV. 


A certain 
proportion 
only requi- 
site. 


VEGETATION. 


less progress every year. We see, too, that those bulbous 
roots, such as hyacinths, tulips, &c. which are made to: grow 
in water, unless they be planted in the earth every other year, 
refuse at last. to flower, and even to vegetate; especially if 
they produce new bulbous roots annually, and the old ones 
decay. From all these facts and experiments, it is reasonable 
to conclude that water is not’ the sole food of plants.* 

So far, indeed, is water from being the sole food of plants, 
that in general only a certain proportion of it is serviceable, 
too much being equally prejudicial to them as too little. Some 
plants,-it' is true, grow constantly in water, and will not vege- 
tate in any other situation; but the rest are entirely destroyed 
when kept immersed in that fluid beyond a certain time. Most 
plants require a certain degree of moisture in order te vege- 
tate well. ‘This is one reason why different soils are required 
for different plants. Rice, for instance, requires a very wet 
soil: were we to sow it in the ground on which wheat grows 
luxuriously, it would not succeed: and wheat, on the con- 
trary, would rot in the rice ground. 

We should, therefore, in choosing a soil proper for the 


plants which we mean to raise, setae the quantity of mois- 


ture which is best adapted for them, and choose our soil ac- 
cordingly. Now the dryness or moisture of a soil depends 
upon two things; the nature and proportions of the earths 
which compose it, and the quantity of rain which falls upon 
it. Every soil contains at least three earths, silica, lime, and 
alumina, and sometimes also magnesia. The silica is always 
in the state of sand.. Now soils retain moisture longer or 
shorter according to the proportions of these earths. Those 
which contain the greatest quantity of sand retain it the short- 
est, and those which contain the greatest quantity of alumina 
retain it longest. ‘The first is a dry, the second a wet soil. 
Lime and magnesia are intermediate between these two ex- 
tremes: they render a sandy soil more retentive of moisture, 


and diminish the wetness of a clayey soil. It is evident, there- _ 


* The experiments of Braconnot, who has endeavoured to prove that 
water is the sole food of plants, are by no means decisive. See Ann. de 
Chim. Ixi. 187. He raised plants on sand and metallic oxides by means of 
water, and found that the plants had all the usual vegetable, earthy, and 
alkaline constituents. But in experiments of that nature it is impossible 
to guard against-every channel, by means of which these substances may 
have access to plants. 
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fore, that by mixing together proper proportions of these four chap un 
earths, we may form a soil of any degree of dryness and). —~~~ 


moisture that we please. 

But whatever be the nature of the soil, its moisture must 
depend in general upon the quantity of rain which falls. If 
no rain ateall fall, a soil, however retentive of moisture it be, 
must remain dry; and if rain were very frequently falling, the 
soil must be open indeed, if it be not constantly wet. The 
proportion of the different earths in a soil, therefore, must de- 
pend upon the quantity of rain which falls. In a rainy coun- 
try, the soil ought to be open; ina dry country, it ought. to 
be retentive of moisture. In the first, there ought to be a 
greater proportion of sand; in the second of clay. 


2, That airis necessary for the vegetation of plants has beempiants ab- 


completely proved; and that a considerable portion at least of 


sorb food 
from the at- 


the carbonaceous matter which they contain is absorbed from mosrteres 


the air, has been rendered probable by the late experiments of: 
chemical philosophers. ‘Three articles which furnish nourish- 
ment to plants are supplied by the atmosphere; namely, car- 
bonic acid, oxygen, and moisture ; but it has been disputed how 
far plants are capable of absorbing carbonic acid, without the 
assistance of the soil on which they usually vegetate. 

Mr. Hassenfratz analysed the bulbous roots of hyacinths, in 
order to discover the quantity of water, carbon, and hydrogen, 
which they contained; and by repeating the analysis on a 
number of bulbs, he discovered how much of these ingredients 
was contained in a given weight of the bulb. He analysed 
also kidney beans and cress seeds inthe same manner. ‘Then 
he made a number of each of these vegetate in pure water, 
taking the precaution to weigh them before hand, in order to 
ascertain the precise quantity of carbon which they contained. 
The plants being then placed, some within doors, and others 
in the open air, grew and flowered, but produced no seed. He 
afterwards dried them, collecting with care all their leaves and 
every other part which had dropped off during the course of 
the vegetation. On submitting each plant to a chemical ana- 
lysis, he found that the quantity of carbon which it contained, 
was somewhat less than the quantity which existed in the bulb 
or the seed from which the plant had sprung.* 

These experiments have been repeated by Saussure with a 
very different result. Sprigs of mentha piperita, allowed to 


* Ann. de Chim. xii. 188. 
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Book Iv. vegetate for some time in distilled water, nearly doubled the 
portion of carbon which they originally contained ;* but when 


the same experiment was repeated in a place where but little » 


light had access, the carbon, instead of being increased, was 
somewhat diminished, as Hassenfratz had found. Hence it is 
probable, that the result obtained by Hassenfratz was owing 
to the want of light. Thus it cannot be doubted, that plants, 
even when they vegetate in pure water, are capable of absorb- 
But this not In@ Nourishment sibs the air; but as plants in this situation 
sufficient. 
cannot produce perfect seeds, and as they gradually decay and 
cease to vegetate, it is obvious that water and air alone are not 
sufficient. | 
3. The third, and only remaining source from which plants 
can draw their food, is the soil on which they grow. Now this 


soil consists of two parts; namely, pure earths, which consti- 


tute its basis, and the remains of animals and vegetables ap- 
plied as manure. 

One use of the earthy part of the soil is to furnish a sup- 
port for the plants, and to administer the proper quantity of 
water to them; but as all plants contain earthy and saline 
matters, and as these substances are constantly present, we 
cannot avoid considering them as in some measure constituting 
an essential part of plants. Now there is reason to believe 
that the proportion of earthy and saline matters in plants is 
considerably influenced by the soil on which they vegetate. 
Saussure made beans grow in three different situations. The 
first set was supported by distilled water; the second was 
planted in sand and supported by rain water; the third set was 

_ planted in a pot filled with mould, and placed in a garden. 
Proportion Lhe ashes yielded by these different plants were to each other 
late waz, i the following proportions. + 


with the 


soil. 1. Those fed by distilled water...... 3°9 
2. ‘Those fed by rain water ..,..... 7°5 
3. Those growing in soil .........:12°0 


Here the quantity of fixed matter yielded by the beans which 
had vegetated in soil was more than three times greater than 
what was obtained from those which had been fa solely ye 


distilled water. 
The same philosopher examined the ashes ef various plants 


* Recherches Chinniques sur la Vegetation, p. 54. 
+ Ibid. p. 284 
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growing on a granitic and on a calcareous soil.* ‘The plants chap. ut, 
which grew on the granitic soil contained a considerable pro- 
portion of silica and metallic oxides; those which grew in the 
calcareous, little or none of these bodies, but a greater pro- 
portion of calcareous earth than the granitic plants. ‘Thus 

the pinus abies, the product of each of these soils, yielded the 
following proportions of fixed bodies : 


Granitic. Calcar. 
MpercaslE HME Er Peet Ec w'd eels oO 4g 
Alkaline sulphates and muriates .. 4°24 f °"°" 
Avarbonate.of lime See, Pee Y £6°S a eee 68 
Carbonate of magnesia ........ 6°76...... 0 
caren ttl Sse ee Sb. Wah VOLS AD Woah O 
WAPI PEA Uae who ole etn a «ip of LAOO vas Gs k: LO 
PMPIMMOVOMEIES Meee Seal oes LOU se uey ec O 


99°81 94-4 


Thus it cannot be doubted, that the proportion of earthy 
matter contained in plants is considerably influenced by the 
mature of the soil on which they grow; but whether plants 
derive the whole of these fixed principles from the soil, or 
whether they are capable of forming them to a certain extent 
by the unknown powers of vegetation, are questions not yet 
finally decided. The experiments of Saussure would lead us 
to believe, that all the earths found in plants are absorbed from whether 
the soil; while those of Schrader seem to prove, that a por-Piecan 
tion of them is formed by vegetation, even when plants are so 
situated that they can derive no fixed principle from the soil 
_ on which they grow. 

The Berlin Academy proposed as a prize question, To de- 
zermine the earthy constituents of the different kinds of corn, and 


* These soils were composed of the following ingredients : 


Granitic. Calcareous. 
oT ee DOR a anite va 75°25 Carbonate of lime.. 98:000 
Aluminat shy. oe. 13°25 Alumina eS s ree 0°625 
UCT A Ate ey era eee 1:74 Oxide of iron ...... 0°625 
Tron and manganese 9:00 Petroleum ........ 00°25 
99°24 99:°275 


+ Phil. Mag. viii. 185. Jour. de Phys. hii. 27. See the table of incine- 
rations printed in p. 192 of this volume, where the result of all the experi- 
ments of this philosopher is given. 
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~~ of vegetation. The prize was gained by Schrader, an apothe- 


Experi- 
ments of 


Schrader. 


cary in Berlin, and the result of his experiments was published 
by the Academy in 1800. He analysed the seeds of wheat, 
rye, barley, and oats, and ascertained the portion of earth which 
each contains. He analysed in the same manner rye-straw.* 


After having in this manner determined the proportion of 
earth which these seeds contained, he endeavoured to make 


them grow in some medium which could not furnish any earthy 
ingredient whatever. For a long time his attempts were baf- 
fled, every substance tried containing less or more of earth, 
and being therefore improper. At last he found that sulphur, 
in the state of flowers, might be used with success; as it con- 
tained no earthy matter whatever, and as the seeds grew in it, 
and sent out their roots perfectly well, when it was properly 
moistened with water. The oxides of antimony and zinc were 
the substances which answered best after sulphur. The seeds, 
then, were planted in sulphur, placed ina garden at a distance 


from all dust, put into a box to which the light and the air 


had free access, but from which all dust and rain were care- 
fally excluded, and they were watered with distilled water. 
The corn raised in this manner was found by Schrader to con- 
tain more earthy matter than had existed in the seeds from 
which it had grown.} Here, then, it would appear was the 
formation of earthy matter, unless we conceive that the air 
might have contained a sufficient quantity floating in it to fur- 
nish all that was found. Since the publication of his prize 
dissertation, Schrader has given to the public additional ex- 
periments on the same subject. In these he notices the trials 
of Saussure, and the’ results which were obtained from vege- 


tables growing in calcareous and granitic soils; and particu- | 


larly draws the attention of chemists to the fact ascertained by 
Saussure, that plants vegetating in a calcareous soil, which 


contained little or no silica, were yet found to yield a consider-_ 
able portion of that earth.t  Einhof likewise found in the - 
ashes of a pinus sylvestris, which had grown in a soil that — 


yielded no traces of lime, no less than 65 per cent. of that 
earth. He informs us also, that he has frequently observed 


* The result of these analyses have been given in page 191 of this Vo- 
lume. 

+ Braconnot’s experiments agree with those of Schrader, but they were 
not made with the same precautions. See Ann, de Chim. lxi. 187. 

t Gehlen’s Jour. 111. 588. 
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the lichen prunastri and ciliaris encrusted in the months of chap. mt. 
August and September with a coat of carbonate of lime, when Neon 
no lime was to be found in the neighbourhood, and when other 

plants were not encrusted in that manner.* 

Saussure has observed very justly, that the absorption of 
earthy matter does not depend so much upon the earths which 
constitute the basis of the soil on which they grow, as upon 
the portion of earth held in solution in the liquid part of the 
soil. ‘This observation will explain several of the facts above 
stated, but is by no means sufficient to set aside the experi- 
ments of Schrader, which go directly to prove that earths are 
formed by the processes of vegetation. _ 

4. Besides earths, plants always contain a portion of saline soit con- 
matter. ‘Those that crow at a distance from the sea contain Canhcae 
potash, while sea-plants contain soda and common salt. _Phos- 
phate- of lime is a constant ingredient, and phosphate of pot- 
ash a very common one. Some plants contain peculiar salts. 

Thus nitrate of soda is usually present in barley, nitrate of 
potash in nettles and the sun-flower, &c. It appears from the which ace 
experiments that have been made, that peculiar salts promote ° 
the vegetation of peculiar plants. Sea-plants require common 

salt, and languish in soils where it is not to befound. Borage, 
nettles, and pellitor y, thrive only in soils which contain nitrate 

_ of lime or potash; gypsum promotes the vegetation ‘of lucern 

and clover.+ 

_ Salts then are not inactive; and when properly applied, 

they promote the growth of vegetables. In these cases they 
appear to be absorbed by the plants which they invigorate. 
Duhamel found that sea-plants made little progress in soils 

which contain no common salt. Bullion made seeds of sun- 
flower to grow in a sandy soil containing no trace of nitre. 

On examining the plants, no nitrate of potash could be de- 
tected in them, but the salt. made its appearance as usual when 

the plants were watered with a weak nitrous solution. 

From the experiments of Saussure, we learn that plants ab- prants ab- 
sorb saline solutions in very different proportions, and that in $1) view 
- general those are absorbed in greatest quantity which are most tions or 
injurious to vegetation. He dissolved the following substances an 
in water, in such proportions, that each solution contained 
ztoth part of its weight of the substance dissolved, except the 
last, which contained zith part. 


* Gehlen’s Jour, li, 563. + Saussure, Recherches, p. 264. 
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1. Muriate of potash. 

2. Muriate of soda. 

3. Nitrate of lime. 

4. Sulphate of soda effloresced- 
5. Muriate of ammonia. 

6. Acetate of lime. 

7. Sulphate of copper. 

8. Crystals of sugar. 

9. Gum arabic. 
10. Extract of soil. 


Into each of these solutions he put plants of polygonum persi- 
caria, or of bidens cannabina, furnished with their roots. 

The polygonum grew for five weeks in thesolutions of muriate 
of potash, nitrate of lime, muriate of soda, sulphate of soda, 
and extract of soil; and the roots increased in them as usual. 
It languished in the solution of sal-ammoniac, and the roots 
made no progress. It died in eight or ten days in the solu- 
tions of gum and acetate of lime, and in less than three days 
in the solution of sulphate of copper. ; 

When such a number of plants of polygonum were ‘put 
into the solutions as to absorb one half of each in two days, 
the remaining half was found to have lost very different pro- 
portions of the salt which it had originally contained. Sup- 
pose the portion of salt originally in solution to be 100, the 
following table exhibits the quantity of each which had dis- 
appeared when one half of the liquid was absorbed : 


Muriate of potash.... 14°7 
Muriate of soda ..... 13°0 
Nitrate of lime ...... 40 
Sulphate of soda ..... 14°4 
Muriate of ammonia . 12:0 
Acetate of lime...... 8°0O 
Sulphate of copper ... 47°0 
PUA file 2 Gaia acts beer 
Gm joes UE ~ 9:0 
Hixtractiot.soil vise bee 15:0 


The bidens absorbed pretty much the same proportions, but 
in general did not vegetate so long as the polygonum. In — 
these trials, it was the sulphate of copper and the sugar that 
were absorbed in greatest abundance, and these were the sub- 
stances which proved most injurious to the plant. Saussure 
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explains this apparent anomaly by supposing that a portion of Chap. UI. 


the roots were soon déstroyed in these liquids, and that then 
they absorbed the solution indiscriminately.* 
When various salts were dissolved at once in the same solu- 
tions, and plants made to vegetate in them, it was found that 
different proportions of the salts were absorbed. ‘The follow- 
~ ing table exhibits the result of these trials, supposing, as before, 
the original weight of each salt to have been 100. Each solu- 


tion contains =1.,th part of its weight of each salt. 


Sulphate of soda effloresced.. 11°7 
Muriate of soda ......... «. 22°0 


Sulphate of soda eflloresced .. 12°0 
Muriate of potash.......... 17°0 


Acetate of:lime 2.000. 2000, 8°0 
Muriate of potash.......... 33°0 


Nitrate of lime............ 4°5 
Muriate of ammonia....... 16°5 


Acetate of lime.....se++s0 $1.0 
pulphate- ob Coppel. sete 34°0 
Nitrate of lime..... éeeeeee 17°0 
Sulphate of copper......... 34°0 


} Mute OF SOdadl “asiee Lia oi 10 


bs 


on as 
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Muriate of soda .. 2.0 9:s'6«0+.10°0 
Wcetate of men 3) vies ace OO 


Gum eeeeseeeoteseteeoeerteeee @ 26°0 
Sugars ise ok malin 80 


These experiments succeeded nearly equally with other 
plants, as the meniha piperita and the Scotch fir. When the 
roots were cut or removed, the plants absorbed all solutions 
indiscriminately. On examining the plants, the salts absorbed 
were found in them unaltered. 

Thus it appears that plants do not absorb saline bodies in- 
discriminately. Saussure supposes that the difference depends 
rather upon the degree of liquidity which the solution pos- 
sesses, than upon any discriminating power in the root. But 
if this were the case,*it would be difficult to explain how so 
much greater a proportion of water should be absorbed than 
of the salt which it holds in solution. 


* Saussure, Recherches, p. 247, 261. 
VOL. IV. Y 


: 


322 


Book IV. 


VEGETATION. 


5; Water, then, carbonic acid, and oxygen, and perhaps 


Man. wz" also earths and salts, constitute a part of the food of plants; 


cessary for 
the growth 
of plants. 


but it is very clear that the whole food is not furnished by 
these substances. It is well known, that if vegetables be suc- 
cessively raised ou the same ground, they at last exhaust it, or 
render it sterile; and to prevent this, farmers are obliged to 
supply their grounds annually with a quantity of manure. 
Without this manure, or some equivalent, plants cannot be 
made to thrive, or to perfect their seeds. Neither water, air; 
nor earths, nor salts, will prevent them from perishing. Gio- 
bert mixed together the four earths, silica, alumina, lime, and 
magnesia, in the proper proportions to constitute a fertile soil; _ 
and after moistening them with water, planted several vege- 
tables in them: but none of them grew well till he moistened 
his soil with water from a dunghill. _Lampadius planted dif- 
ferent vegetables in compartments of his garden, filled each 
with one of the pure earths, and watered them with the liquor 
which exuded from’a dunghill. They all grew, notwithstand- 
ing the diversity of the soil; and each contained the usual 
earthy constituents of plants, notwithstanding the absence of 
these constituents from the soil. | 
It is not the earths which constitute a fertile soil, but the 
remains of animal and vegetable substances, and the propor- 
tion of these capable of being held in solution by water. It 
appears from the experiments of Mr. Hassenfratz, that sub- 
stances employed as manures produce effects in times propor- 
tioned to their degree of putrefaction; those substances which 
are most putrid producing the most speedy effects, and of 
course soonest losing their. efficacy. Having manured two 
pieces of the same kind of soil, the one with a mixture of dung 
and straw highly putrefied, the other with the same mixture 
newly made, and the straw almost fresh, he observed, that dur- 
ing the first year, the plants which grew on the land manured 
with the putrefied dung produced a much better crop than the 
other: but the second year (no new dung being added), 
the ground which had been manured with the unputrefied 
dung produced the best crop; the same thing took place 
the “ehird year, after which, both seemed to be equally 
exhausted.* Here it is evident that the putrefied dung 
acted soonest, and was soonest exhausted. It follows from 
this, that carbon only acts as a manure when in a parti- 


* Ann. de Chimuxiv. 57. 
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cular state of combination; and this state, whatever, it may Chap. tr. 


be, is evidently pioduced by putrefaction. Another ex- 
periment of the same chemist renders this truth still more 
evident. He allowed shavings of wood to remain for about 


ten months in a moist place till they began to putrefy, and then 


spread them over a piece of ground by way of manure. ‘The 
first two years this piece of ground produced nothing more 
than others which had not been manured at all; the third 
year it was better, the fourth year it was still better, the fifth 
year it reached its maximum of fertility; after which it de- 
clined constantly till the ninth, when it was quite exhausted.* 
Here the effect of the manure evidently depancies upon its 
progress in putrefaction. 

When vegetables are allowed to putrefy in the open air, they vegetabie 
are paniaried into a loose black substance, well known under "””’ 
the name of vegetable mould. On this mould plants grow 
with great vigour. It is the substance which renders newly 
cultivated Jands in America, Xc. so fertile. When exposed to 
the air, in the course of cultivation, it is gradually wasted and 
destroyed, and the lands are thus impoverished. This vege- 
table mould, therefore, is obviously one of the grand sources 
of the food of plants. It deserves, therefore, an accurate exa- 
mination. 

To Saussure and Kinhof we are indebted for a chemical tts proper- 
examination of its properties and constituents. Saussure em- 
ployed in his experiments pure vegetable soil, which he pro- 
cured either from thé trunks of trees or from elevated rocks, 
where it was unmixed with any animal matter ; and by passing 
it through a searce, he removed from it the remains of unde- 
cayed vegetables with which it was mixed.+ By distilling 200 
grains (French) of mould from the oak, he obtained the follow- 
ing products; while the same quantity of undecayed oak 
yielded him the following g proportions of the same CONSFLIDER tS ; 


Mould. Oak. 
Carburetted hydrogen gas... 124 inches (French) 116 
Carbonitciacids:.: ho. an. 3) ABAN AAW RIE Ia SEO 


Water, containing pyrolig- Stee 
nate of ammonia......- 53 grains (French) 80 


Empyreumatic oil.........- 10 .eeaeeeeseeeoe) 13 


Charepalii seks Gee sip os ups (Bao we. site site (ahs Svat ae 
Ashes . eoeeee eeeeeverer ee ae & @ Bo ee Sie ae O+ 
* Ann. de Chim. xiv. 58. 4 Recherches surla Vegetation, p. 162. 
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Booktv. Nearly the same results were obtained by making similar 
experiments on other vegetables, and the mould which they 
yield when decayed. It appears from them, that the mould 
contains more charcoal, weight for weight, than the vegetables 
from which it proceeded. It yields also more ammonia, and 
therefore contains more azote. | 

Acids do not act powerfully on mould. Alcohol takes up 

| a portion of extractive and resin. The fixed alkalies dissolve 

it almost completely, and ammonia is disengaged during the 

solution. Acids throw down a small portion of a brown 

combustible powder. Water dissolves a portion of extractive ; 
but the quantity is small, especially from the mould of fertile 
soils. ‘Ten thousand parts of water, left for five days on the 
mould of turf, were found to have dissolved only 26 parts of 
| extract; and the same quantity, left on the soil of a field 

i which bore a fine crop of wheat, was found to have dissolved 

i but four parts. It appears from the experiments of Saussure, 

i that a mould which yielded to boiling water, by repeated de- 

| coctions, =1;th of its weight of extract, did not produce so 

I good an effect upon beans as a mould which contained only 

half that quantity of soluble matter. But when mould is de- 
prived of its soluble part by boiling water, though its appear- 
ance is not altered, yet it does not support plants nearly so 
well as mould which has not been thus exhausted.* 

The extract thus obtained from mould by Saussure did not 
deliquesce when exposed to the air. When distilled it yielded 
carbonate of ammonia. It produced no change on vegetable 
blues. When reduced to the consistence of a syrup it had a 
sweet taste; it precipitated by exposure to the air, and became — 

turbid when mixed with lime water, carbonate of potash, and 
most metallic solutions. Alcohol dissolves only a portion of 
it, and this part is very deliquescent.+ 

Andconstis  I’rom the experiments of Einhof, it appears that the ex- 

ments tract obtained from mould possesses very nearly the properties 

of the extractive principle. The mould which he employed 
in his experiments was from the soil of a wood,and had been 
formed by the leaves of the trees and the putrefied herbs. It 
was black, firm, produced-no change on vegetable blues, and 
contained no undecayed plants.{ Water in which this mould 
was boiled was at first colourless; but by exposure to the air 


a Recherches, p. 170. ; +. Ibid. p. 174. 
t Gehlen’s Jour. vi. 373. al 
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“it acquired a brownish tint. The substance which is held in Chap. ur 
solution possessed exactly the characters of extractive. va A 
Experiments upon vegetable mould have been made also by 
Braconnot. He found no portion of it soluble in water. His- 
other results resembled those of Saussure. When an alkaline 
ley was boiled with mould a portion was dissolved. The re- 
sidue had the exact appearance of pit coal.* 
Besides this fertile vegetable mould, Einhof has examined Acia vege- 
another of a different nature, to which he has given the name °°" 
_of acid vegetable mould. It occurs in low-lying meadows and 
marshes, and the plants which grow upon it in these situations © 
are the different species of carex, yuncus, and ertophorum. It 
constitutes also the principal part of the mould in high-lying 
situations, and moors where the soil is covered with heath 
(erica vulgaris.) ‘This mould is distinguished from the pre- 
ceding by containing a notable portion of phosphoric and 
acetic acids, which give it the property of reddening vege- 
table blues. The extractive which it contains is chiefly inso- 
luble in water.;+. This sour vegetable mould bears a consi- 
derable resemblance to peat, into which indeed it probably 
passes. JLike it, peat contains a portion of phosphoric acid, 
and probably also of acetic acid, and an extractive readily so- 
luble in alkalies, though but sparingly in water. t 
Einhof has observed, that acid vegetable mould never oc- Eneet of 
curs in those soils which abound in lime, and that it is coun- }™°" 
teracted and brought to the state of good mould by the action 
of lime and marl. It is clear that these manures will neu- 
tralize the acids, and thus enable the extractive, and other 
vegetable substances, to be acted upon by the atmosphere, to 
yield carbonic acid, and to assume those states which are 
proper for the nourishment of vegetables, “It is probable that 
they act also directly upon the vegetable matter, and occasion 
decompositions favourable for vegetation. Hence the efficacy 
of lime when applied to peat moss, and to sour lands in 
general. 
Upon the whole, then, it appears, that plants are fed chiefly 
by that portion of vegetable matter which becomes soluble in 
water, and assumes the properties of extractive; that the 
quantity of it in soil must neither be too great nor too small ; 
that the insoluble part of vegetable mould gradually assumes 


# Ann. de Chim. Ixi. 194. + Gehlen, vi. 379. 
{ Einhof, Gehlen’s Jou. iii. 400. 
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Animal 
Manures. 


Foad ab- 
sorbed by 
the ends of 
the roots. 


earths or salts; that the presence of an acid, by counteract- 
ing this change, injures the nourishing quality of vegetable 
mould; and that lime is serviceable, partly by neutralizing 
the acid, and partly by accelerating the decomposition of vege- 
table mould. 

Animal manures probably supply similar materials with ve- 
getable mould. They probably prevent the formation of acids, 
or neutralize them when formed: and likewise promote the 
decomposition and solubility of vegetable matter. ‘The strik- 
ing effects which animal manure produces on the growth of 
Fepeeabyes are well known; though it is not A éaaible at pre- 
sent to point out the way in which they act. Two elaborate 
and ingenious sets of experiments on this subject have been 
published. The first, by Einhof and Thaer, consists of 
an examination of the excrements of black cattle;* and 
the second, by Berzelius, is upon the human excrementitious 
matter.t ‘These add considerably to our knowledge of ani- 
mal substances, and shall therefore be noticed in a subsequent 
part of this Work; but as they throw little light on the use 
of these matters as manures, it is unnecessary to give a detail 
in this place of the constituents of which they found them 
composed, 

Such is the present state of our knowledge respecting the 
food of plants, as far as it is supplied by the soil in which 
they vegetate. It is probable that it is imbibed by the extre- 
mities of the roots only ; for Duhamel observed, that the por-_ 


tion of the soil which is soonest exhausted is precisely that 
part in which the greatest number of the extremities of roots 


lies.t This shows us the reason why the roots of plants are 
continually increasing in length. By this means they are en-! 
abled, in some measure, to go in quest of nourishment. The 
extremities of the roots seem to have a peculiar structure 
adapted for the imbibing of moisture. If we cut off the ex- — 


_tremity of a root, ‘it never increases any more in length: 
' therefore its use as a root has been in a great measure de- 


stroyed. But its sides send out fibres which act the part of 
roots, and imbibe food by their extremity. Nay, in some 
cases, when the extremity of a root is cut off, the whole decays, 
and a new one is formed in its place. This, as Dr. Bell in- 
forms us, is the case with the hyacinth.§ 


* Gehlen’s Jour. iii. 276. + Ibid. vi. 509. 
J Physique des Arbres, 111. 239. © § Manch. Mem. ii. 412. 
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The extremities of the roots contain no visible opening. 
Hence we may conclude that the food which they imbibe, 
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It must be 


whatever it may be, must be in a state of solution; while the inastateor 


absolute necessity of water renders it probable that water is 
the solvent.. And, in fact, the carbonaceous matter in all ac- 
tive manures is in such a state of combination that it is solu- 
ble in water. All the salts which we can suppose to make 
a part of the food of plants, are more or less soluble in 
water. This is the case also with lime, whether it be 
pure or in the state of a salt; magnesia and alumina may be 
rendered so by means of carbonic acid gas; and Bergman, 
Macie, and Klaproth, have shown that even silica may be 
dissolved in water. We can sce, therefore, in general, though 
we have no precise notions of the very combinations which 
are immediately imbibed by plants, that all the substances 
which form essential parts of that food may be dissolved in 
water. 
SECT. IM. 
OF THE MOTION OF THE SAP. 

Srnce the food of plants is imbibed by their roots in a fluid 
state, it must exist in plants in a fluid state; and unless it 
undergoes alterations in its composition just when imbibed, 
we may expect to find it in the plant unaltered. If there 
were any method of obtaining this fluid food from plants be- 
fore it has been altered by them, we might analyse it, and ob- 
tain by that means a much more accurate knowledge of the 
food of plants than we can by any other method. ‘This plan 
indeed must fail, provided the food undergoes alteration just 
when it is absorbed by the roots: but if we consider, that 
when one species of tree is grafted upon another, each bears 
its own peculiar fruit, and produces its own, peculiar sub- 
stances, we can scarcely avoid thinking that the great changes 
at least which the food undergoes after absorption, are pro- 
duced, not in the roots, but in other parts of the plant. 


olution, 


If this conclusion be just, the food of plants, after being Sap of 


imbibed by the roots, must go directly to those organs whale 
it is to receive new modifications, and to be rendered fit for 
being assimilated to the different parts of the plant. ‘There 
ought therefore to be certain juices continually ascending from 
the roots of plants ; and these juices, if we could get them 
pure and unmixed with the other juices or fluids which the 
plant must contain, and which have been secreted and formed 


Plants, 


from these primary juices, would be, very nearly at least, the, 
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Book IV. food as it was imbibed by the plant. Now, during the vege- 
tation of plants, there actually is a juice continually ascend- 
ing from their roots. This juice has been called the sap, the 
succus communis, or the lymph of plants. | 

the ine. ‘Lhe sap is most abundant during the spring. At that sea~ 
son, if a cut be made through the bark and part of the wood 
of some trees, the sap flows out very profusely. The trees 
are then said to bleed. By this contrivance any quantity of 
sap we think proper may be collected. It is not probable, 
indeed, that by this method we obtain the ascending sap in 
all its purity; it is no doubt mixed with the peculiar juices of 
the plant: but the less progress vegetation has made, the 
purer we may expect to find it; both because the peculiar 
juices must be in much smaller quantity, and because its 
quantity may be supposed to be greater. We should there- 
fore examine the sap as early in the season as possible, and at 
all events before the leaves have expanded. 

Though a number of experiments, as we have seen in the 
last chapter, have been made upon the sap, they are not of 
such a nature as to throw much light upon the food absorbed. 
by plants. Chemistry has not made such progress as to en- 
able even the most expert analysis to separate and distinguish 
small quantities of the vegetable matter. It is even possible 
that the food, after it has been imbibed, may be, to a certain 
extent, modified and altered by the roots. In what manner 
this is done we cannot say, as we know very little about the. 
vascular structure of the roots. We may conclude, however, 
that this modification is nearly the same in most plants: for 
one plant may be engrafted on another, and each continue to 
produce its own peculiar products; which could not be, un- 
less the proper substances: were conveyed to the digestive 
organs of all. ‘There are several circumstances, however, 
which render the modifying power of the roots somewhat 
probable. It is even possible that the roots may, by some 
means or other, throw out again some part of the food which 
they have imbibed as excrementitious. This has been sus- 
pected by several physiologists; and there are several circum- 
stances which render it probable. It is well known that some 
plants will not vegetate well after others; and that some again 
vegetate unusully well when planted in ground where certain 
plants had been growing. ‘These facts, without doubt, may 
be accounted for on other principles. Ifthere be any excre-_ 
mentitious matter emitted by the roots, it is much more pro- 
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bable that this happens in the last stage of vegetation; that Chap. m1. 
is to say, when the food, after digestion, is applied to the pur- 

poses which the root requires. But the fact ought to be sup- 

ported by experiments, otherwise it cannot be admitted. _ 

Mr. Knight, to whose ingenious and important experi~ Mixed with 
ments and observations vegetable physiology lies under sojeecct 
many obligations, has rendered it extremely probable that 
the sap, as it ascends, is mixed with a quantity of matter, 
previously deposited in the alburnum for that purpose, and 
ready prepared to be assimilated to the different vegetable 
organs.* According to him, plants, after they have attained 
their full growth, are employed during the latter part of sum- 
mer in preparing food for the expanding of the buds and 
blossoms in the succeeding spring. ‘This food, when pre- 
pared, is deposited in the alburnum. Here it continues dur- 
ing the winter; and in next spring, mixing with the ascend- 
ing sap, it affords nourishment to the buds and leaves. This 
ingenious opinion Mr. Knight has supported by experiments 
and observations, sufficient, I think, to establish its truth. It 
constitutes a very important step in vegetable physiology, as it 
enables us to explain many circumstances in a satisfactory 
manner that appeared formerly altogether anomalous. : 

He ascertained, by experiments, that the sap increases in 
density as it ascends towards the leaves. Sap extracted from 
the sycamore, close to the ground, was of the specific gravity 
of 1:004; while that which flowed out at the height of seven 
feet was 1:008,,and at the height of 12 feet 1012. The sap 
of the birch was somewhat lighter, but its comparative in- 
crease of density, according to its height, was the same. When 
extracted near the ground, the sap, both of the sycamore 
and birch, was nearly tasteless; but it became sensibly sweet 
at some height, and the sweetness increased with the distance 
from the ground. ‘Thus it appears, that the quantity of ve- 
getable matter in sap increases as it flows towards the leaves ; 
a direct proof that it imbibes and mixes with something 
during its passage. ‘That this matter was lodged in the albur- 
num was rendered probable by comparing with each other 
the alburnum in winter and in summer. [or if nutriment be 
laid up in the alburnum in winter, and employed in summer 
for the purposes of vegetation, it is obvious that the alburnum 


_ * On the State in which the True Sap of Trees is deposited during 
Winter. Phil. Trans, 1805. 
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Book IV. during winter ought to be denser, and ought to yield more 
extract to water, than the same substance in summer: both. 
of which Mr. Knight found to be the case. Oak poles, of the — 
same age, and growing from the same stool, were felled, partly 
in December and partly in May. ‘They were placed in the 
same situation, and dried for seven weeks by a fire. ‘The 
specific gravity of the winter felled wood was 0°679, of the 
summer 0°609. When the alburnum alone was weighed, the 
specific gravity of the winter felled was 0°583; of the summer 
felled 0°533. One thousand grains of each being mixed with 
six ounces of boiling water, and left to macerate for 4 hours, 
the winter felled infusion was much deeper coloured than the 
other. Its specific gravity was 1:002; while that of the sum- 
mer felled infusion was 1:001. ‘This deposition of nutritious 
matter explains why the alburnum of trees felled in winter is 
much more solid and valuable than the alburnum of trees 
felled in summer. 

The sap, as Dr. Hales has shown us, ascends with a very 
considerable force. It issued during the bleeding season with 
such impetuosity from the cut end of a vine branch, that it | 
supported a column of mercury 324 inches high.* 

Now, what is the particular channel through'which the sap 
ascends, and what is the cause of the force with which it 
moves? ‘These are questions which have excited a great deal 
of the attention of those philosophers who have made the phy- 
siology of vegetables their particular study; but the examina- 
tion of them is attended with so many difficulties that they are 
very far from being decided. 

Sapascends, It is certain that the sap flows from the roots towards the 
summit of the tree. For if in the bleeding season a number 
of openings be made in the tree, the sap begins first to flow 

‘from the lowest opening, then from the lowest but one, and — 
so on successively, till at last it makes its appearance at the 
highest of all; and when Duhamel and Bonnet made plants 
vegetate in coloured liquors, the colouring matter, which was 
deposited in the wood, appeared first in the lowest part of the 
tree, and gradually ascended higher and higher, till at last it 
reached the top of the tree, and tinged the very leaves. 

Through It seems certain too that the sap ascends through the wood, 

the wood,” gndnot through the bark of the tree: for a plant continues to 
grow even tie stripped of a great part of its bark ; which 


* Veg. Stat. i. 105. 


I capascriattnn 


MOTION OF THE SAP. 331 


could not happen if the sap ascended through the bark. chap. 111 
When an incision, deep enough to penetrate the bark, and “~~ 
even part of the wood, is carried quite round a branch, pro- 
vided the wound be covered up from the external air, the 
branch continues to vegetate as if nothing had happened; 
which could not be the case if the sap ascended between the 
bark and the wood. It is well known, too, that in the bleed- 
ing season little or no sap can be got from a tree unless our 
incision penetrate deeper than the bark. 

These conclusions have been confirmed by the experiments 
made by Coulomb and Knight. Coulomb observed that no 
sap ever flows from the poplar till the tree be cut nearly to the 
centre.* Mr. Knight observed that coloured infusions always 
pass through the Berit, and that whenever the alburnum — 
is cut irda the plant dies.+ 

As the sap is never found in the parenchyma, it must of ne- In peculiar 
cessity be confined in particular vessels; for if it were not, it" 
would undoubtedly make its appearance there. Now, what 
are the vessels through which the sap ascends ? 

Grew and Malpighi, the first philosophers who examined 
the structure of plants, took it for granted that the woody 
fibres were tubes, and that the sap ascended through them. 
For this reason they gave these fibres the name of lymphatic 
vessels. But they were unable, even when assisted by the best 
microscopes, to detect any thing in these fibres which had the 
appearance of a tube; and succeeding observers have been 
equally unsuccessful. The conjecture therefore of Malpighi 
and Grew, about the nature and use of these fibres, remains 
totally unsupported by any proof. Duhamel has even gone 
far to overturn it altogether: for he found that those woody | 
fibres are divisible into smaller fibres, and these again into 
still smaller; and even, by the assistance of the best micros- 
copes, he could find no end of this subdivision.t Now, grant- 
ing these fibres to be vessels, it is scarcely possible, after this, 
to suppose that the sap really moves through tubes, whose dia- 
meters are almost infinitely small. There are, however, ves- 
sels in plants which may easily be distinguished by the help 
of a small microscope, and even in many cases by\the naked 
eye. These were seen, and distinctly described, by Grew and 
Malpighi. They consist of a fibre twisted round like a cork- 


* four. de Phys. xlix. 392. + Phil. Trans. 1801, p. $36. 
+ Physique des Arbres, i. 57. 
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screw. If we take a small cylinder of wood, and wrap round 


‘ it a slender brass wire, so closely that all the rings of the wire 


touch each other, and if, after this, we pull is the wooden 
cylinder altogether, the brass wire thus twisted will give us a 
very good representation of these vessels. If we take hold of 
the two ends of the brass wire thus twisted, and pull them, we 
can easily draw out the wire to a considerable length. In the 
same manner, when we lay hold of the two extremities of 
these vessels, we can draw them out to a great Jength. Mal- 
pighi and Grew, finding them always empty, concluded that 
they were intended for ie circulation of the air through the 
plant, and therefore gave them the name of trachee ; which — 


_ word is used to ened the windpipe of animals. T ‘yes tra- 


¥ts ascen- 
sion. 


Ascribed to 
its levity 5 


chee are not found in the bark; but Hedwig has shown that 
they are much more numerous in the wood than was sup- 
posed; and that they are of very different diameters; and 
Reichel has demonstrated that they go to the minutest 
branches, and spread through every leaf. He has shown, too, 
that they contain sap; and Hedwig has proved that the notion 
which generally prevailed of their containing nothing but air, 
arose from this circumstance, that the larger trachee, which 
alone were attended to, lose their sap as soon as they are cut; 
and of course, unless they are inspected the instant they are 
divided, they appear empty.* Is it not probable, then, from 
the discoveries of that very ingenious physiologist, that the 
tracheze are, in reality, the sap vessels of plants? Indeed it 
seems established, by the experiments both of Reichel and 
Hedwig, that almost all the vessels of plants may, if we attend 
only to their structure, be denominated trachee. But whe- 
ther the structure of the sap vessels be similar to that of the 
trachez or not, it has been perfectly ascertained that the sap , 
ascends in vessels, and that these vessels are situated in the 


wood, chiefly indeed in the alburnum. Hence Mr. Knight — 


has given them the name of a/burnous vessels. 

But by what powers is the sap made to ascend in these ves- | 
sels? and not only to ascend, but to move with very consider- 
able force ; a force, as Hales has shown, sufficient to overcome 
the pressure of 43 feet perpendicular of water ?+ 

Grew ascribed this phenomenon to the levity of the sap ; 
which, according to him, entered the plant in the state of a 


* Fundament. Hist. Nat. Muscov Frondes. Part I. p. 54. 
+ Veget. Stat. i, 107, 
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very light vapour. But this opinion will not bear the slight- chap. mm. 
est examination. Malpighi supposed that the sap was made ~~~ 
to ascend by the contraction and dilatation of the air con- traction of 
tained in the air vessels. But even were we to grant that the “” 
trachezx are air vessels, the sap, according to this hypothesis, 

could only ascend when a change of temperature takes place; 

which is contrary to, fact. And even if we were to wave every 
objection of that kind, the hypothesis would not account for 

the circulation of the sap, unless the sap vessels be provided 

with valves. Now the experiments of Hales and Duhamel 

show that no valves can possibly exist in them: for branches 
imbibe moisture nearly equally by either end; and conse- 
quently the sap moves with equal facility both upwards and 
‘downwards, which it could not do were there valves in the ves- 

sels. Besides, it is known, from many experiments, that we 

may convert the roots of a tree into the branches, and the 
branches into the roots, by covering the branches with earth, 

and exposing the roots to the air.* Now this would be im- 
possible if the sap vessels were provided with valves. The 

same remarks overturn the hypothesis of Mr. de la Hire, 

which is merely that of Malpighi, expressed with greater pre- 

cision, and with a greater parade of mechanical knowledge. 

Like Borelli, he placed the ascending power of the sap in the 
parenchyma. But his very experiments, had he attended to 
them with care, would have been sufficient to show the imper- 
_ fection of his theory. 

The greater number of philosophers (for it is needless to 
mention those who, like Perrault, had recourse to fermenta- 
tion, nor those who introduced the weight of the atmosphere) 
have ascribed the motion of the sap to capillary attraction. 

There exists an attraction between many solid bodies and To capitary 
liquids; in consequence of which, if these solid bodies be ““™“°™ 
formed into small tubes, the liquid enters them, .and rises in 
them to a certain height. But this is perceptible only when 
the diameter of the tube is very small. Hence the attraction 
has been denominated capillary. We know that there is such 
an attraction between vegetable fibres and watery liquids; for 


* Mr. Knight has lately shown that the inverted shoots by no means grow 
so well as when in their natural position; and has even made it probable 
that the vessels of the bark are furnished with valves, or with something 
equivalent. But no evidence has been adduced to induce us to believe that 
this is the case with the sap vessels.—See his Observations on the Motion of 
the Sap of Trees. Phil. Trans, 1804. . 
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highly probable, therefore, that the food of plants enters the 
roots, in consequence of the capillary attraction which subsists 
between the sap vessels and the liquid imbibed. ‘This species 
of attraction, then, will account perfectly well for the entrance 
of moisture into the mouths of the sap vessels: but will it ac- 
count also, as some have supposed, for the ascent of the sap, 
and for the great force with which it ascends ? 

_ The nature and laws of capillary attraction have been very 
much overlooked by philosophers. But we know enough con- 
cerning it to enable us to decide the present question. It con- 
sists in a certain attraction between the particles of the liquid 
and of the tube. It has been demonstrated, that it does not 
extend, or at least that it produces no sensible effect, at greater 
distances than —,,th part of an inch. It has been demon- 


1000 
strated, that the water ascends, not by the capillary attraction 


‘ of the whole tube, but of a slender film of it; and Clairaut 


has shown that this film is situated at the lowermost extremity 
of the tube.* This film attracts the liquid with a certain 
force; and if this force be greater than the cohesion between 
the particles of the liquid, part enters the tube, and continues 
to enter, till the quantity above the attracting film of the tube 
just equals, by its weight, the excess of the capillary attraction 
between the tube and the liquid above the cohesion of the li- 
quid. The quantity of water, therefore, in the tube is pretty 
nearly the measure of this excess; for the attracting film is 
probably very minute. 

It has been demonstrated, that the heights to which liquids 
rise in capillary tubes are inversely as the diameter of the’ 
tube. Consequently the smaller the diameter of the tube, the’ 
greater is the height to which the liquid will rise. But the 
particles of water are not infinitely small; therefore, whenever 
the diameter of the tube is diminished beyond a certain size, 
water cannot ascend in it, because its particles are now larger 
than the bore of the tube. Consequently the rise of water in 
capillary tubes must have a limit: if they exceed a certain 
length, how small soever their bore may be, water will either 
not rise to the top of them, or it will not enter them at all. 


* The action of all the other films, of which the tube is composed, on the’ 
water, as far as it is measured by its effect, is nothing at all. For every par- 
ticle of water in the tube (except those attracted by the undermost film) is 
attracted upwards and downwards by the same number of films : it is there- 
fore precisely in the same state asif it were not attracted at all. 
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which water would rise in a capillary tube, whose bore is just 
large enough to admit a single particle of water. Therefore 
we do not know the limit of the height to which water may be 


‘raised by capillary attraction. But whenever the bore is dimi- 


nished beyond a certain size, the quantity of water which rises 
in it istoo small to be sensible. We can easily ascertain the 
height which water cannot exceed in capillary tubes before 
this happens; and if any person calculate, he will find that 


| this height is not nearly equal to the length of the sap vessels 


of many plants. But besides all this, we see in many plants 
very long sap vessels, of a diameter too large for a liquid to 
rise in them a single foot by capillary attraction, and yet the 
sap rises in them to very great heights. 

If any person says that the sap vessels of plants gradually 


diminish in diameter as they ascend; and that, in conse- 
/ quence of this contrivance, they act precisely as. an indefinite 
number of capillary tubes, one standing upon another, the in- 


ferior serving as a reservoir for the superior—I answer, that 
the sap may ascend by that means to a considerable height: 
but certainly not in any greater quantity than if the whole sap. 
vessel had been precisely of the bore of its upper extremity ; 
for the quantity of sap raised must depend upon the bore of 


the upper extremity, because it must all pass through that ex- 
| tremity. | 


But farther, if the sap moved only in the vessels of plants 
by capillary attraction, it would be so far from flowing out at 


the extremity of a branch, with a force sufficient to overcome 
the pressure of a column of water 43 feet high, that it could 


not flow out at all. It would be impossible in that case for 


any such thing as the bleeding of trees ever to happen. 

If we take a capillary tube, of such a bore that a liquid will 
rise in it six inches, and after the liquid has risen to its greatest 
height, break it short three inches from the bottom, none of 
the liquid in the under half flows over. The tube, thus 
shortened, continues indeed full, but not a single particle of 


liquid ever escapes from it. And how is it possible for it to 


escape? The film, at the wpper extremity of the tube, must 
certainly have as strong an attraction for the liquid as the 
film at the Jower extremity. As part of the liquid is within 
its attracting distance, and as there is no part of the tube 
above to counterbalance this attraction, it must of necessity 
attract the liquid nearest it, and with a force sufficient to 


338 


We have no method of ascertaining the precise height to Chap. ur 


336 


‘Book IV. 


The vessels 
must cone 
tract, 


VEGETATION. 


counterbalance this attraction of the undermost film, how 
ereat soever we may suppose it. Of course no liquid can be 
forced up, and consequently none can flow out of the tube. 
Since, then, the sap flows out at the upper extremity of the 
sap vessels of plants, we are absolutely certain that it does not 
ascend in them merely by its capillary attraction, but that 
there is some other cause. 

It is impossible, therefore, to account for the motion of the 
sap in plants by any mechanical or chemical principles what- 
ever; and he who ascribes it to these principles has not 
formed to himself any clear or accurate conception of the sub- 
ject. We know indeed that heat is an agent; for Dr. Walker 
found that the ascent of the sap is much promoted by heat, 
and that after it had begun to flow from several incisions, cold 
made it give over flowing from the higher orifices while it 
continued to flow at the lower.* But this cannot be owing to 
the dilating power of heat; for unless the sap vessels of plants 
were furnished with valves, dilatation would rather retard than 
promote the’ ascent of the sap. 

We must, therefore, ascribe it to some other cause: the 
vessels themselves must certainly act. Many philosophers 
have seen the necessity of this, and have accordingly ascribed 
the ascent of the sap to irritability. But the first person who 
gave a precise view of the manner in which the vessels proba- 
bly act was Saussure. He supposes that the sap enters the 


- open mouths of the vessels at the extremity of the roots; that 


these mouths then contract, and by that contraction propel 
the sap upwards; that this contraction gradually follows the 
sap, pushing it up from the extremity of the root to the sum- 
mit of the plant. In the mean time the mouths are receiving 
new sap, which in the same manner is pushed upwards.f 
Whether we suppose the contraction to take place precisely 
in this manner or not, we can scarcely deny that it must take 
place; but by what means it is impossible at present to say. 
The agents cannot precisely resemble the muscles of animals; 
because the whole tube, however cut or maimed, still retains 
its contracting power, and because the contraction is per- 
formed with equal readiness in every _ direction.t It is 


* Edin. Trans. 1. + Encycl. Meth. Phys. Veget. p. 267. . 
+ Mr. Knight thinks it probable that the sap is propelled by the contrac- 
tion and expansion of what is called by carpenters the silver grain of the 
wood, between the lamina of which the vessels run. (Phil. Trans, 1801, 
p. 344.) By silver grain is meant those thin longitudinal fibres, diverging 
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evident, however, that: they must be the same in kind. Per- chap. ut. 
haps the particular structure of the vessels may fit them for “~~ 
their office. Does ring after ring contract its diameter? 
The contracting agents, whatever they are, seem to be ex- 
cited to act by some stimulus communicated to them by the 
sap. ‘This capacity of being excited to action is known in 
physiology by the name of irritability; and there are not 
wanting proofs that plants are possessed of it. It is well 
known that different parts of plants move when certain sub- 
stances act upon them. ‘Thus the flowers of many open at 
sunrise, and close again at night. lLinnzeus has given us a 
list of these plants. Des Fontaines has shown that the sta- 
mina and anthers of many plants exhibit distinct motions.* 
Dr. Smith has observed, that the stamina of the barberries 
are thrown: into motions when touched.+ Roth has ascer- 
tained that the leaves of the drosera longifolia and rotundifolia 
have the same property. Mr. Coulomb, too, who has adopted 
the opinion that the motion of the sap in plants is produced 
by the contraction of vessels, has even made a number of ex- 
periments in order to show this contraction. But the fact is, 
that every one has it in his power to make a decisive experi- 
ment. Simply cutting a plant, the ewphorbia peplis for in- 
stance, in two places, so as to separate a portion of the stem 
from the rest, is a complete demonstration that the vessels 
actually do contract. For whoever makes the experiment, 
will find that the milky juice of that plant flows out at both 
ends so completely, that if afterwards we cut the portion of 
the stem in the middle no juice whatever appears. Now it is 
impossible that these phenomena could take place without a 
contraction of the vessels; for the vessels ix that part of the 
stem which has been detached cannot have been more than 
full; and their diameter is so small, that if it were to con- 
tinue unaltered, the capillary attraction would be more than 
sufficient to retain their contents, and consequently not a 
drop would flow out. Since, therefore, the whole liquid es- 
capes, it must be driven out forcibly, and consequently the 
_ vessels must contract. 


in every direction from the pith, and composed of the lymphatic vessels of 
Grew and Malpighi. I do not see how the contraction of these laminz 
_ could propel the sap through the sap vessel, destitute as they are of valves, 
unless it were a contraction precisely similar to what Saussure supposed to 
take place in the sap vessels. 
* Mem. Par. 1787. + Phil. Trans. Ixxviii. 
VOL. IV. Z 
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Booktv. . It seems pretty plain, too, that the vessels are excited to — 


contract by various stimuli; the experiments of Coulomb and 
Saussure render this probable, and an observation of Dr. 
Smith Barton makes it next to certain. He found that plants 
growing in water vegetated with much greater vigour, pro- 
vided a little camphor was thrown into the water.* 


SECT. IV. 
OF THE FUNCTIONS OF THE LEAVES. 
Peculiar Ir has been ascertained that the sap ascends to the leaves, 
juice formed 


eran that it there undergoes certain alterations, and is converted 


leaves. into another fluid called the succus proprius, peculiar Juice, OX 


true sap ; which, like the blood in animals, is afterwards em- 
ployed in forming the various substances found in plants. 
Now, the changes “which the sap undergoes in the leaves, pro- 
vided we can trace them, must choi a great deal of light 
upon the nature of vegetation. ‘These changes are produced 
in part during the day, in part during the night. Now, as 
the functions of the leaves during the day are very different 


from what they are during the night, it will be proper to con- — 


sider them separately. 


Part ofthe I. No sooner has the sap arrived at the sii than a great — 


sap transe 
pires. 


part of it is thrown off by evaporation. 


Its quan- 1. The quantity thus perspired bears a very great propor-— 
tion to the moisture imbibed. Mr. Woodward found that a- 
sprig of mint, weighing 27 grains, in 77 days imbibed 2558 — 
grains of water, and yet its weight was only increased 15 
grains; therefore it must have given out 2543 grains. The 
same experiment was repeated by this philosopher on other 
plants; the following table exhibits the result : + 


tity. 


Weight, . 
When|When| Gain | Water 
Plants and Water. put |taken | in 77 | wast-_ 


in, | out. |days,| ed. 


———e 
er. gr. gr. gr. | 
Spearmint in spring water............| 27 | 42 | 15 |2558) 


Spearmint in rain water.....-+.++....| 282) 453) 173)3004 
Spearmint in Thames water ........ ..| 28 | 54 | 26 |2493— 
Common nightshade in spring water ...| 49 106 | 57 |3708 
Lathyris in spring water ..,..+.+-+-.,) 98 1012) ot ae 


* Ann, de Chim. xxiii. 63. t Phil. Trans, 1699, xxix. 193. 
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These experiments demonstrate the great quantity of matter chap. 1. 
which is constantly leaving the plant. Dr. Hales found that —~—~ 

3, cabbage transmitted daily a quantity of moisture equal to 
about half its weight; and that a sun-flower, three feet high, 
transmitted in a day 1b. 1402. avoirdupois.* He showed, 
that the quantity of transpiration in the same plant was pro- 
portional to the surface of the leaves, and that when the leaves 
were taken off the transpiration nearly ceased.t By these 
observations, he demonstrated that the leaves are the organs 
of transpiration. He found, too, that the transpiration was 
nearly confined to the day, very little taking place during the 
night;{ that it was much promoted by heat, and stopped by 
rain and frost:§ and, Millar,|| Guettard,** and Sennebier, 
have shown that the transpiration is also very much promoted 
by sunshine. 

The quantity of moisture imbibed by plants depends very 
much upon what they transpire; the reason is evident: when 
the vessels are once filled with sap, if none be carried off, no 
more can enter; and, of course, the quantity which enters 
must depend upon the quantity emitted. 

2. In order to discover the nature of the transpired matter, Nature of 
Hales placed plants in large glass vessels, and by that means ae esha 
collected a quantity of it.t++ He found that it resembled pure 
water in every particular, excepting only that it sometimes 
had the odour of the plant. He remarked, too, as Guettard 
and Duhamel did after him, that when kept for some time it 
putrefied, or at least acquired a stinking smell. Sennebier 

‘subjected a quantity of this liquid to a chemical analysis. 

He collected 13030 grains of it from a vine during the 
‘months of May and June. After filtration he gradually eva- 
porated the whole to dryness. There remained behind two 
grains of residuum. These two grains consisted of nearly 4 
grain of carbonate of lime, !; grain of sulphate of lime, 1 
grain of matter soluble in water, and having the appearance 
of gum, and 1} grain of matter which was soluble in alcohol, 
and apparently resinous. He analysed 60768 grains of the 
same liquid, collected from the vine during the months of 
July and August. On evaporation, he obtained 21 grains 
of residuum, composed of 3. grain of carbonate of lime, + grain 


* Veget. Stat. i. 5 and 15. + Veget. Stat. p. 30. 
¢ Ibid. p.5. § Ibid. p. 27 and 48. || Ibid. p. 22. 


4% Mem. Par. 1748. tt Veget. Stat. i. 49. 
Z2 ) 
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of sulphate of lime, + grain of mucilage, and 4 grain of resin. 
The liquid transpired by the aster Nove Anglie afforded pied 
cisely the same ingredients.* 

8. Sennebier attempted to ascertain the proportion which 
the liquid transpired bore to the quantity of moisture imbibed 
by the plant. But it is easy to see that such experiments are 
liable to too great uncertainties to be depended on. His me-_ 
thod was as follows: he plunged the thick end of the branch 
on which he made the experiment into a bottle of water, 
while the other end, containing all its leaves, was thrust into — 

a very large glass globe. The apparatus was then exposed to 
the sunshine. The quantity imbibed was known exactly by 


the water which disappeared from the bottle, and the quantity 


transpired was judged of by the liquid which condensed and 
trickled down the sides of the glass globe. The following 


Plants. Imbibed, Perspired., . Time. 
POAC ss See ee LUO fle ve ele care) HO IY eld ¢ esha 
PITS EOE ee Ce | RAOUL IS Mi ear 
ADT SCT vee a a cee ure of TZO PSOE Oy eee ee 
VEC eae 200 spe eee tr OCT teers |e a 
PCO Wes eet ed ee wie eee tp te ate Banca eee 
TLASD ee a'e'y se cleres PEON eee anole DOU ee pate aie oe 
ACE is cis ae MOR Vite be eke LOOT hee eae 
EDC Se been ny LLU ie wettest rr ante rere 
BPTICOU Nee seg SLU tems ae ee LOU VO eae enn 


In some of his experiments no liquid at all was condensed. 
Hence it is evident that the quantity of matter transpired. can- 
not be deduced from these experiments. The mouth of the 
glass globe does not seem to have been accurately closed ; the 
air within it communicated with the external air; consequently — 
the quantity condensed must have depended entirely upon the 
state of the external air, the heat, &c. 

4. ‘The first great change, then, which takes place upon th 
sap after it arrives at the leaves, is the evaporation of a grea 
part of it; consequently what remains must be very different 
in its proportions from the sap. The leaves seem to have par- 
ticular organs adapted for throwing off part of the sap by 
transpiration; for the experiments of Guettard,t Duhamel, f 


* Eneye. Meth. Phys. Veget. 287. 
{ Physique des Arbres, i. 158. 


+ Mem. Par. 1749. 
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and Bonnet,* show that it is performed chiefly by the upper chap. 1, 
surfaces of leaves, and may be nearly stopped altogether by ~ 
varnishing that surface. 

The leaves of plants become gradually less and less fit for why the 

this transpiration; for Sennebier found, that when all other ¢,” 
- things are equal, the transpiration is much greater in May _ 
than in September.t Hence the reason that the leaves are 
renewed annually. Their organs become gradually unfit for 
performing their functions, and therefore it is necessary to re- 
new them. ‘Those trees which retain their leaves during the 
winter were found by Hales and succeeding physiologists to 
transpire less than others. It is now well known that these 
trees also renew their leaves. : 

Il. Leaves have also the property of absorbing carbonic Leaves ab- 

. sorb carbo= 
acid gas from the atmosphere. nic acid. 

1. We are indebted for this very important discovery to 

the experiments oz Dr. Priestley. . It had been long known 
that when a candle has been allowed to burn out in any quan- 
tity of alr, no candle can afterwards be made to burn in it. 
In the year 1771, Dr. Priestley made a sprig of mint vegetate 
for ten days in contact with a quantity of such air: after 
which he found that a candle would burn in it perfectly well.t 
This experiment he repeated frequently, and found that it 
was always attended with the same result. According to the 
opinion at that time universally received, that the burning of 
candles rendered air impure by communicating phlogiston to 
it, he concluded from it, that plants, while sik vegetate, 
absorb phlogiston. 

Carbonic acid gas was at that time supposed to contain 
phlogiston. It was vanbenrtis therefore, to suppose that it would 
afford nourishment to plants, since they had the property of 
absorbing phlogiston from the atmosphere. Dr. Percival had 
published a set of experiments, by which he endeavoured to 
show that this was actually the case. 

* These experiments induced Dr. Priestley, in 1776, to con- 
sider the subject with more attention. But as, in all the ex- 
periments which he made, the plants confined in. carbonic 
acid. gas very soon died, he concluded that carbonic acid 
gas was not a food, but a poison to plants.§ Mr. Henry 
_ of Manchester was led, in 1784, probably by the contrariety of 
‘these results, to examine the subject. His experiments, 


* Traite des Fouilles, 1. Mem. ¢+ Encyc. Meth. Veget. 285. 
4) On Air, 11. 251; § On Air, 1. 100. 
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Book IV. which were published in the Manchester Transactions,* per- 


fectly coincided with those of Dr. Percival. For he found 


that carbonic acid gas, so far from killing plants, constantly 
promoted their growth and vigour. Meanwhile Mr. Senne- 
bier was occupied at Geneva with the same subject; and he 
published the result of his researches in his Memoires Phy-— 
sico-Chymiques about the year 1780. His experiments 
showed, in the clearest manner, that carbonic acid gas is used 
by plants as food. ‘The same thing was supported by Ingen- 
housz in his second volume. ‘The experiments of Saussure 
junior, published in 1797, have at last put the subject beyond 
the reach of dispute. From a careful comparison of the ex- 
periments of these philosophers, it will not be difficult for us 
to discover the various phenomena, and to reconcile all the 
seeming contradictions which occur in them. The facts are 
as follows: 

2. Plants will not vegetate in an atmosphere of pure carbo- 
nic acid, nor if their atmosphere contains 3ths of its bulk of 
that gas. They vegetate in the sun when confined in atmos- 
pheres containing 4, 1th, or tth, of that gas, and the vegeta- 
tion improves as fethe quantity of gas diminishes. When the 
atmosphere contains only +;th of carbonic acid gas, plants — 
grow in it considerably better in the sun, than when placed in 
an atmosphere of common air; but when plants are placed in 
the shade, the presence of carbonic acid always injures their 
vegetation instead of promoting it. 

3. Mr. Saussure has shown, that plants will not vegetate in 
the sun when totally deprived of carbonic acid gas. They 
vegetate indeed well enough in air which has been previously 
deprived of carbonic acid gas; but when a quantity of lime 
was put into the glass vessel which contained them, they no 


longer continued to grow, and the leaves in a few days fell 


off.t The air, when examined, was found to contain no car- 

bonic acid gas. The reason of this phenomenon is, that. 
plants (as we shall see afterwards) have the power of forming | 
and giving out carbonic acid in certain circumstances; and | 
this quantity is sufficient to continue their vegetation for a — 
certain time. But if this new formed gas be also withdrawn, 
by quicklime for instance, which absorbs it the instant it ap-_ 


* Vol. 11. 341. 
+ Saussure, Recherches Chimiques sur la Vegetation, p. 30, 
J Ann. de Chim. xxiv, 145, 148. 
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pears, the leaves droop, and refuse to perform their func- 


_tions.* Carbonic acid gas, then, applied to the leaves of 


plants, is essential to vegetation. 
_ 4, The direct contrary takes place in the shade. Plants 
not only continue to vegetate when deprived of all carbonic 
acid by means of lime; but they flourish more than if it were 
allowed to remain.+ 

5. Dr. Priestley, to whom we are indebted for many of the 
most important facts relative to vegetation, observed, in the 
year 1778, that plants, in certain circumstances, emitted 
oxygen gas; {t and Ingenhousz very soon after discovered that 
this gas is emitted by the leaves of plants, and only when they 
are exposed to the bright light of day. His method was to 
plunge the leaves of different plants into vessels full of water, 
and then expose them to the sun, as Bonnet, who had ob- 
served the same phenomenon, though he had given a wrong 
explanation of it, had done before him. Bubbles of oxygen 
gas very soon detached themselves from the leaves, and were 
collected in an inverted glass vessel.§ He observed, too, that 
it was not a matter of indifference what kind of water was 
used. If the water, for instance, had been previously boiled, 
little or no oxygen gas escaped from the leaves; river water 
afforded but little gas; but pump-water was the most produc- 


- tive of all.|| 


Sennebier proved, that if the water be previously deprived 
of all its air by boiling, the leaves do not emit a particle of 
air; that those kinds of water which yield most air contain in 


_ them the greatest quantity of carbonic acid gas; that leaves 


do not yield any oxygen when plunged in water totally de- 


stitute of carbonic acid gas; that they emit it abundantly, 


when the water, rendered unproductive by boiling, is impreg- 
nated with carbenic acid gas; that the aan) of oxygen 
emitted, and even its purity, is proportional to the quantity of 
carbonic acid gas which the water contains; that water im- 
pregnated with carbonic acid gas gradually loses the property 
of affording oxygen gas with leaves; and that whenever this 
happens, all the carbonic acid gas has disappeared; and on 


* Braconnot has rendered it probable, that in this experiment it was not 
the absence of carbonic acid, but the deleterious effects of the lime that 
killed the plants in Saussure’s experiments. Ann. de Chim. lxi. 187. 

+ Saussure, Recherches, p. 36. t¢ On Air, ii. 284, 

§ Ingenhousz en Veget. i, 15, &c. {| Lbid. p. 33. 
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Book iv. adding more carbonic acid gas the property is renewed.* | 


‘women!’ These experiments prove, in a most satisfactory manner, that 
the oxygen gas which the leaves of plants emit depends upon 
the presence of carbonic acid gas; that the leaves absorb car- 

- bonic acid gas, decompose it, give out the oxygen, and retain 
the carbon. They have been lately confirmed by the experi- 
ments of Dr. Woodhouse. ‘To this gentleman likewise we 
are indebted for a very full set of experiments on the quantity 
of gas produced by exposing different plants in water to sun- 
shine for given times.T 

The decom. 6+ Sennebier has ascertained, that the decomposition of the 

Pemed ty, catbonic acid takes place in the parenchyma. He found that 

the pares the epidermis of a leaf would, when separated, give out no 

cbymae air, neither would the nerves in the same circumstances; but 

upon trying the parenchyma, thus separated from its epider- 

mis and part of its nerves, it continued to give out oxygen ‘as 
before. | 

That the decomposition is performed by peculiar organs, 

is evident from an experiment of Ingenhousz. Leaves cut 

into small pieces continued to give out oxygen as before; but 

leaves pounded in a mortar lost the property entirely. In 


the first state, the peculiar structure remained; in the other, — 


it was destroyed. Certain experiments of Count Rumford; 
indeed, may seem incompatible with this conclusion; and 
they will naturally oceur to the reader as an objection. He 
found that dried leaves of black poplar, fibres of raw silk, and 
even glass, when plunged into water, gave out oxygen gas by 
the light of the sun; but when Sennebier repeated these ex- 
periments, they did not succeed.§ It was probably the air 
contained in the water which separated in the Count’s experi- 
ments. || 

Carbonic 7. From the experiments of Saussure, we learn that the 

ed vere ig quantity of carbonic acid thus absorbed and decomposed 


different varies greatly in different plants, even when placed in the 
plants, 


same circumstances. The lythrum salicaria was found to 


* Encyc, Method. Physiol, Veget. 181. 

+ See Nicholson’s Jour. ii. 154, and Ann. de Chim. xli. 200. 

{ Encyc. Method. Physiol. Veget. 180. -  § Ann. de Chim. i. 115. 

|| Dr. Woodhouse tried the experiments with filaments of asbestus, baked 
horse-hair, cotton, pannicles of rhus cotinus, cotton of asclepias syriaca, 
hairy plumes of clematis crispa, spikes of panicum glaucum, charcoal pow- 
der ; each of these, he affirms, yielded in water a little oxygen gas, but less 
pure than the leaves of plants. Nicholson's Jour. u. 158, 
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absorb seven or éight times its bulk of this gas in a day; while 
the cactus opuntia, and other fleshy-leaved plants, did not ab- 


sorb above a fifth of that quantity. The portion absorbed, 


according to Saussure, depends upon the surface of the plant; 
and therefore thin leaved plants must absorb more than those 
that have fleshy leaves.* 
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8. It does not appear that the whole of the oxygen con- The whole 


tained in the carbonic acid absorbed is emitted again by the (?8" n° 


plant. A considerable portion of it seems to be retained. 
This, at least, is the result which follows from a set of experi- 
ments made by Saussure on purpose to ascertain the point. 
He mixed carbonic acid with common air, in such a propor- 


tion that it occupied 71 hundredths of the mass. Jars, stand-’ 


ing over mercury (covered with a thin film of water), were 
filled with this mixture; and plants of vinca minor, growing 
in a small vessel filled with water, were introduced into the 
jar. These plants, thus placed, were exposed for six succes- 
sive days to the sun, from five in the morning to eleven, while 
the temperature.of the air was 70°; during all which time 
they vegetated with great vigour. The bulk of the air in the 
jar was not sensibly altered. No carbonic acid could be de- 
tected in it. ‘The proportion of oxygen was 244 per cent. 
The following table exhibits the proportion of the constituents 
of this air, in French cubic inches, when put into the jar, and 


after the plants had vegetated in it six days.+ 


When put in. When taken out. 
AZOLE 1. ig bch) Sin (Bde Dla, srdie es neh DiS Oe 
BESTE aa OEE SE: CORE MRR A EY 3 #5 
OAL OONIC. DOIG in abcd wid topes sit) OOO 


oe ee Greeeaweeess So 


290°00 290°00 


Thus the whole 21°75 inches of carbonic acid were ab- 
sorbed; but the oxygen emitted was only 14°72 inches, 
Siercas the whole oxygen in the carbonic acid would have 
amounted to 21:75 inches. The difference, amounting to 
about seven inches, was made up by a quantity of azote, which 
had been given out by the plants along with the oxygen. 
The following table exhibits the result of siinilar experiments, 
made by this ‘itidee aber: on other plants. All the numbers 
denote cubic inches. 


* Recherches Chimiques, p. 56. F Ibid. p. 40. 
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9. Thus it appears that plants, when exposed to the light, 
absorb carbonic acid, decompose it, and throw out again the’ 
sreatest part of the oxygen of this gas mixed (it would seem) 
with a little azote.* It is extremely probable that plants, by 
this process, acquire the greatest part of the carbonaceous 
matter which they contain; for if we compare the quantity of 
carbon contained in plants vegetating in the dark, where this 
process does not go on, with the quantity which those plants 
contain which vegetate in the usual manner, we shall perceive 


* I presume that Saussure ascertained merely that the new portion of 
gas, to which he has given the name of azote, did not diminish with oxygens | 
and did not render lime-water turbid. Many other gases possess these pro-_ 
perties. It might have been some inflammable gas. Hydrogen would have 
detonated ; but some of the compound inflammable gases would not, when 
diluted so Tare y with common air. . 


FUNCTIONS OF THE LEAVES. 


"a very conspicuous difference. Chaptal found that a byssus, 
which was vegetating in the dark, contained only =.ih of its 
weight of carbonaceous matter; but the same plant, after 
being made to vegetate in the light for 30 days, contained 
qth of its weight of carbonaceous matter.* Hassenfratz 
ascertained that plants growing in the dark contain much 
‘more water, and much less carbon and hydrogen, than plants 
growing in the light. Sennebier analysed both with the same 
result. Plants growing in the dark yielded less hydrogen gas 
and oil: their resinous matter was to that of plants growing 
in the light as 2 to 5°5, and their moisture as 13 to 6; they 
contained even one-half less of fixed matters. 

The quantity of carbonic acid thus absorbed is considerable. 
In Saussure’s experiments, the plants absorbed -daily more 
than their own bulk of this gas: but when they grow in the 
open air, where the quantity of carbonic acid is much less con- 
siderable, not exceeding th part, the proportion absorbed 
is no doubt less. 

10. Ingenhousz found that plants emit no oxygen when 
made to vegetate in the dark, and that in these circumstances 
they rather injure air than improve it. Now, as the emission 
of oxygen has been found to depend upon the absorption of 
carbonic acid, it is probable that this acid is absorbed only in 
the light. Saussure indeed has endeavoured to prove, that 
plants, even in the dark, absorb and decompose carbonic acid; 
but the quantity, if any, must be so extremely small that it 
cannot well be appreciated. 


III. The green colour of plants has been shown, by Sen- Green cotour 
produced by 


-nebier, to depend upon the absorption of carbonic acid. It 
appears only when plants vegetate in the light ; for when they 
vegetate in the dark they are white ; and when exposed to the 
light they acquire a green colour in a very short time, in what- 
soever situation they are placed, even though plunged in water, 
provided always that oxygen be present; for Mr. Gough has 
shown, that light without oxygen has not the power of pro- 
ducing the green colour.+ 

Sennebier has observed, that when plants are made to vege- 
tate in the dark, their etiolation is much diminished by mix- 
ing a little hydrogen gas with the air that surrounds them.{ 
Ingenhousz had already remarked, that when a little hydrogen 


* Mem. Par. 1786. + Man. Mem. iv, 501. 
{ Encyc. Meth, Physiol, Veget. 75. 
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Book Iv. gas is added to the air in which plants vegetate, even in the R 
light, it renders their verdure deeper: * and he seems to think — 
also, that he has proved by experiments, that plants absorb — 
hydrogen gas in these circumstances.t Mr. Humbolt has — 
observed that the poa annua and compressa, plantago lanceolata, — 
trifolium arvense, cheiri, lichen verticillatus, and several other 
plants which grow in the galleries of mines, retain their green — 

- colour even in the dark, ae that in these cases the air around : 
them contains a quantity of hydrogen gas. This philosopher 
concludes, from his observations, that the white colour of etio- 
lated plants is occasioned by their retaining an unusual pro- 
portion of oxygen, and that this is prevented by surrounding 
them with hydrogen gas. This may perhaps be true in cer- 
tain cases; but the experiments of Mr. Gough, mentioned 
above, are sufficient to prove that the retention of oxygen is — 
not the only difference between green and etiolated plants.[ 

pints sup- Che green colouring matter of plants has been shown by i 
Stale Ne * Rouelle to be of a resinous nature. From this, and from the — 
watery circumstance of its being formed only in the light, Berthollet 
has inferred that the leaves of plants have the property of — 
decomposing water as well as carbonic acid when exposed to ~ 
the light of the sun. ‘The oxygen emitted, according to him, 
is dexived partly from the decomposed carbonic acid zd partly — 
from the water, while the carbon and hydrogen enter into the — 
composition of the inflammable parts of the plant. This in- — 
genious theory, though sufficiently probable, is not susceptible — 
of direct proof. From the experiments of Saussure, we learn _ 
that when plants are made to vegetate in pure water, in atmos- _ 
pheres destitute of carbonic acid gas, the quantity of their — 
fixed matter does not increase; but when their atmospheres — 
contain this acid gas, the increase of weight which they re-. 
ceive is contidensbly's ereater than can be actountad for by the © 
carbon and oxygen geil peed from the carbonic acid absorbed.§ | 
Hence it is clear, that a portion of the water must enter into 
their composition. It is more likely that the elements of this. 
portion arrange themselves in a different way, than that they 
still continue in the state of water. ‘These facts certainly 


* Ann. de Chim. ii. 57. + Ibid. 61. 
{ Plants of a white colour, from vegetating in the dark, are called etio- 


lated, from a French word which signifies a star, as if they grew by star 
light. 
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strengthen the hypothesis of Berthollet. Indeed, if we con- 
sider "the great Selig of hydrogen contained in plants, it is 
difficult to conceive how they should obtain it, provided the 
water which they absorb does not contribute to furnish it. 

IV. Plants will not vegetate unless atmospheric air or oxy- 
gen gas have access to Help leaves. ‘This was rendered pro- 
bable by those philosophers who, about the end of the 17th 
century, turned their attention particularly towards the physi- 
cal properties of the air; but Dr. Ingenhousz was perhaps the 
first of the modern chemists who put it beyond doubt. He 
found that carbonic acid gas, azotic, and hydrogen gas, de- 
stroyed plants altogether, unless they were mixed with atmos- 
pheric air or oxygen gas. He found also, that plants grew 
very well in oxygen gas and in atmosphericair.* _ From these 
experiments, it was pretty clear that the leaves of plants ab- 
sorb oxygen; and the whole series of chemical experiments 
on plants led to the supposition that this absorption was con- 
fined to the night. The subject has lately been very fully in- 
vestigated by Saussure, who has not only confirmed these sup- 
positicns by decisive experiments, but added’ many new facts 
not pr eviously ‘suspected.+ 

1. The greater number of plants ‘pg to vegetate when 
confined in azotic gas. ‘Those only continue to live which 
are abundantly supplied with green parts, as the cactus opun- 
tia, &c. When plants continue to vegetate in azote, it is be- 
cause they give out a portion of oxygen during the day; the 
absorption of which during the night preserves hems t 

2. When the leaves of plants are put in contact with com- 
mon air during the night, they diminish the bulk of their 
atmosphere by absorbing oxygen. Some plants change, at 
the same time, a portion of the oxygen into carbonic acid, 
while others form no perceptible quantity of this last gas. 
The leaves, for example, of the cactus opuntia, crassula cotyle- 
don, sempervivum tectorum, agave Americana, and stapelia 
variegata, simply absorb oxygen; while the leaves of the 
guercus robur, sedum reflexum, cesculus hippocastanum, and 
robinia pseudo-acacia, absorb oxygen, and form a portion of 
carbonic acid, inferior in quantity to the oxygen which has 
disappeared.§ 

3. ‘This inspiration of oxygen takes place bat) when the 


* Ingenhousz, ii. passim. + Recherches, p. 60. 
{ Ibid, p. 197. § Saussure, ibid, p. 61. 
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Book tv. leaves retain their organized form. ‘If this be destroyed, by — 
reducing them to a paste for example, all absorption of oxy- — 


gen is prevented, though a portion of it is even then con- 
verted into carbonic acid by the action of the carbonaceous 
matter present.* | 

4. The oxygen thus inspired by the leaves of plants, is not 


separated from them again by putting them into the exhausted — 


receiver of the air pump. By that means, indeed, they yield 
a little air, but always much less than the oxygen absorbed; 
and this air is precisely of the same nature with the atmosphere 
in which they were confined. Neither is the oxygen extricated 
by exposing the leaves to the greatest heat which they are 
capable of bearing without being destroyed.+ 

Andeonvert 5. ‘There is reason to believe that the oxygen gas thus ab- 

it into car- 

bonie acid. SOrbed by plants is converted into carbonic aide within the 
plant, and that it is only after the plant is saturated with this 
acid (if the expression may be permitted), that the surround- 
ing oxygen is partly converted into carbonic acid, by com- 
bining with the carbonaceous matter of the plant. When 
the leaves are exposed to the light, this carbonic acid is de- 
composed, and a quantity of oxygen thrown out, usually 
greater than what was inspired. But the oxygen given out 
in the light (when plants grow in atmospheres destitute of 
carbonic acid) is always proportional to the oxygen inspired 


during the night; being always greatest when the plant has _ 


absorbed the greatest quantity of oxygen. 
Differ inthe 6, Plants Aifter very much from each other in the quantity 
SANE a of oxygen which their leaves absorb during the night. Fleshy- 
leaved plants absorb the least oxygen; probably bicaise they 
emit no carbonic acid gas. Hence they can vegetate in high 


situations where the atmosphere is rarefied. Next in order 


come the evergreen trees, which, though they absorb more 


oxygen than .the fleshy-leaved plants, yet require much less 
than those trees which lose their leaves during winter. Those 
plants which flourish in marshy ground likewise absorb but 


little oxygen. The following tables exhibit the result of Saus- 


sure’s experiments on this point. The first column contains 
the names of the plants whose leaves were employed; the 
second the month in which the experiments were made; and 


the third the bulk of oxygen absorbed, supposing the bulk of | 


the leaves used in each experiment to be always 1:00. 


* Saussure, Recherches, p.74. + Recherches, p. 69. { Ibid. p. 99. 
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I. Leaves of Evergreen Trees. 


Oxygen 
Leaves of Time absorbed. 


Illex aquifolium ....... + September .....<.., 0°86 
Buxus semper virens .... September ....... 1°46 
Prunus laurocerasus .... May....... Maes eo 
Le il eae iera'b neal erases Ore DUGELIDCN ala ole ar (h a6 
Viburnum tinus ........ September ......, 2°23 
Predera Helix, |... nm erwie.sie + SCDCEMDEL | <0) e,oic/s: 0 1:00 
WVA1C3, MINOT soa the wip the Bet DC re itt ele ANCES Beet) 
BESO! 4) Teie: algtels sepia vale o eptember |. os. 6'4,:0°98 
Pinus ables .’...4- 0.54. September... 0, 3:00 
Beupleurum fruticosum.. May ............ 4°00 
Juniperus sabina ....... June....... we ei ee 
Juniperus communis .... June ......2.2... 2°40 


II. Leaves of Trees which lose their Leaves in Winter. 
Oxygen 
Leaves of Time absorbed. 
Fagus sylvatica......... August .......... 8°00 
Carpinus betulus'. 0.00... Mayors of 200 0 25°00 


Ditto seers. eee September?...20e. 600 
Quercusirobur 200/070...) Mayle 7 2ois o4)).2)5°50 
Witte s7'.5 38 Are September ts ea0 «. 5°50 


/Esculus hippocastanus.. September ....... 4°80 
MUS GIDE lo eros ay A ANLAY s)e'p 0's seg ple'e OOO 
BUCIIILLO ce oc n co cep beh oal) o SEDLCINDEP cvs u s OD 
- Prunus Armeniaca...... September ....... 8°00 
muyedaws Persica’.t... Jane 005. ess) OOO 
EON ee italas wo a ee eps | OCLEIDDEL ya's o's eS SO 
Juglans regia .......... May............ 6°60 
BIL LN sp cies s ce} ans  OPLCIUDEr cases e440 
Platanus occidentalis .... September ....... 3°00 
Robinia pseudo-acacia... May......... SOREN, 
Ppa ane ose etn ss ME PLCINDEP eevee res OT ZO 
Syrinon Vulodvis 62... MAY. lowe. aes S30 
PUILCOR Ears S<te\ slo's t ait)s «7 OGPLEINOEH. sty’ 6's 2°20 
Fraxinus'excelsior™,..’...:-May i. ..0..0 00.6 4°82 
PSRs Cae Lets. shane 52's , September) .)0a.. 03) 3°72 
tetera eee gs. May... astaldisie Haione® 
ADIOS trone ee Seip a he's eptember jas wh 057 S740 
Rosa centifolta’s 20.5... Tune... cosh) aes ee i kO 
Haous Castanea cs cwmii. JULY ..amnaadlats anos60 
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III. Leaves of Herbaceous Plants, not Aquatic. 


Oxygen 
Leaves of Time. absorbed, 


Solanum tuberosum ..... September ...... ~ 2°50 . 
Brasica oleracea .....+++ Ditto, young leaves 2°40 
PTULO te fana n aes ateeel eet Sept. Old TOBVER 0 <2 20D 
Urtica urens ...... pe er meptember’ 252525. 2°00 
Mercurialis annua ,..... Sept. in flower.... 2°33 
Daucus carota........-.. September, ditto .. 1°90 
Vicia fabs toc tess 20) oetore Towenig 27370 


Pitter CO Pn Paka eo Lar Dower Ss 6a es ere 


Dito fart Mite uke aie TRLUen ENLLO Wance eae a Gee 
Lilium candidum....... May, m flower ... 0°66 
ECO ey ces Fe cage) EPL AILEL CITLO ne a OU 
Tropzolam majus’...... Sept. in flower.... 3°00 
Digitalis ambigua .....3 July. ...006.+00+s 2°00 
Brassica rapa ......-... Sept. in flower.... 1°25 
Avena Ssativa........-... June, before ditto . 2°70 
Triticum estivam ...... May, before ditto . 5°00 
Pisum sativum .....+.... May, in flower.... 3°72 
Ruta graveoleris,,....... August.......... 2°00 


IV. Leaves of Aquatic Plants. 
Oxygen 
Leaves of Time. absorbed. 
Alisma plantago........ August .......... 0°70 
Inula dysenterica ....... September ....... 1°60 
Epilobium molle........ Sept. in flower.... 1°90 
Sisymbrium nasturtium,. September ....... 1°60 
Polygonum Persicaria.... Sept. in flower.... 2°00 
Veronica beccabunga.... September ....;.. 1°70 
Ranunculus reptans .... September ....... 1°50 
Lythrum salicaria ...... May, before flower 2°30 
Caltha palustris is +5 soiex6 May ovss.c0is'00 cies LOO 


Carex acuta 8 ee OF Oe ean MR ois) ates brake 2°25 ~ 


V. Leaves of the Fleshy Plants. 


Oxygen 
Leaves of Time, absorbed. 


Cactus opuntia ......... August .......... 1°00 
Agave Americana ...... August .ceesesees 0°80 
Sempervivum tectorum .. ‘July ............ 1°00 
Sedum globosum ....... September ..,.... 1°50 


OO 
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irae / Oxygen hap. I. 
. Leaves of Time, absorbed, 
" Saxifraga cotyledon ..... September ....... 0°60 
oe edt rerexun, . ee. s June! 0,98 (il tag 
Stapelia variegata ...... July ............ 0°63 


Mesembryanthemum was 
peisbineds sarin bss eo July eeeec ees e ee oe 1°70 


_ 7. It isnot improbable, that by the absorption of oxyg 
and the formation of carbonic acid, a portion of heat may be 
evolved, as Saussure supposes; though the quantity must be 
too small to be appreciated. It appears that in certain cases 
a very considerable degree of heat is produced by vegetables ; 
though it has not yet been ascertained whether the appearance 
of it is. connected with the absorption of oxygen. A very 
extraordinary instance of this is related by Bory de St. Vin- 
cent on the authority of Hubert. The stamina of the arum 
cardifolium, at the moment of bursting, produced so ereat a 
heat, that twelve of them placed round the bulb of a thermo- 
meter raised it from 79° to 143°. The experiment was. re- 
peated a great number of times with similar results. * 
_ 8. It appears, from the experiments of Saussure, that the Rootsab- 
roots absorb oxygen as well as the leaves, and that they trans- *"?°™** 
mit the carbonic acid formed to the leaves to be decomposed. 
The branches likewise absorb it. Flowers do not expand 
without its presence. om 
_ Thus it appears that during the night plants absorb oxy- 
gen; that they form with it carbonic acid; that a portion of 
this gas is sometimes emitted, together with a little azote; but 
that the greatest part is retained and decomposed by the leaves 
during the day. Plants will not live without this nightly in- 
Spiration, even though supplied with carbonic acid, provided 
the oxygen formed by them during the day be constantly with- 
drawn at the approach of night. | 
___V. The leaves of plants absorb water as well as oxygen from teaves ab- 
‘the air. This had been suspected in all ages: the great effect * ¥*" 
which dew, slight showers, and even wetting the leaves of 
plants, have in recruiting their strength, and making them ve- 
getate with vigour, are so many proofs that the leaves imbibe 
moisture from the atmosphere. Hales rendered this still more 
probable, by observing that plants increase considerabiy in 
weight when the atmosphere is moist; and Mr. Bonnet put 


en, Heat may 
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the matter beyond doubt in his Researches concerning the 
Use of the Leaves. He'showed that leaves continue to live 
for weeks when one of their surfaces is applied to water; and 
that they not only vegetate themselves, but even imbibe enough 
of water to support she vegetation of a whole branch, and the 
leaves belonging to it. He discovered also, that the two sur- 
faces of leaves differ very considerably in their power of im- 
bibing moisture; that in trees and shrubs the under surface 
possesses almost the whole of the property, while the con- 
trary holds in many of the other plants; the kidney bean for 
instance. | 

These facts prove not only that the leaves of plants have the 
power of absorbing moisture, but also that the absorption is. 
performed by very different organs from those which emit 
moisture; for these organs lie on different sides of the leaf. 
If we consider that it is only during the night that the leaves 
of plants are moistened with dew, we can scarcely avoid con- 
cluding, that, except in particular cases, it is during the night 
that plants imbibe almost all the moisture which Seo do 
imbibe. 

Thus we have seen that the leaves of plants peHeiin very 
different operations at different times. During the day they are 
giving out moisture, absorbing carbonic acid gas, and emitting 
oxygen gas; during the night, on the contrary, they are ab- 
sorbing moisture, giving out carbonic acid gas, and absorbing 
oxygen gas. | 

By these processes, and perhaps also by others which have 
not yet been detected, the sap of plants is new modelled, and 


‘brought to the state which is adapted for the nourishment of 


the plant. To describe in what manner these changes take 
place is-impossible; because we neither know pretisely the 
substance into which the sap has been converted by the ope- 
rations performed during the day, nor the new substances 
formed by the operations’ of the night. We have reason, how: 
ever, to conclude, that during the day the carbon of the sap 1s 
increased, and that during the night the hydrogen and oxygen 
are increased ; but the precise new substances formed are un- 
known to us. Nor let any one suppose that the increase of 
the hydrogen and of the oxygen of the sap is the same thing 
as the addition of a quantity of water. In water, oxygen and. 


hydrogen are already combined together in a certain propor- 


tion; and this combination must be broken before these ele- 
mentary bodies can enter into those triple compounds with 


: 
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carbon, of which a great part of the vegetable products con- Chap. ut 


sist. .We have not the smallest conception of the manner in 

which these triple combinations are formed, and as little of the 
manner in which the bodies which compose vegetable sub- 
stances are combined together. The combination may, for 
jany thing we know to the contrary, be very complicated : 
though it consists wholly of three ingredients; and analogy 
deads us to suppose that it actually is very complicated: for in 
chemistry it may be considered as a truth, to which at present 
few or no exceptions are known, that bodies are decomposed 
with a facility inversely as the simplicity of their composition ; 
that is to say, that those bodies which consist of the fewest in- 


gredients are most difficultly decomposed, and that those which 


rare formed of many ingredients are decomposed with the 
greatest facility. 


Neither let any one suppose that the absorption of carbonic 


acid gas during the day is balanced by the quantity emitted 
-during the night; and that therefore there is no increase of 
icarbon; for Ingenhousz and Saussure have shown that the 
quantity of oxygen gas emitted during the day is much greater 
than the carbonic acid gas emitted during the night; and that 
in favourable circumstances, the quantity of oxygen gas in the 
air surrounding plants is increased, and the carbonic acid gas 


diminished; so much so, that both Dr. Priestley and Dr. In- 


genhousz found, that air which had been spoiled by a lighted 


candle, or by animals, was rendered as good as ever by plants. 


Now we know that combustion and respiration diminish the 
oxygen gas, and add carbonic acid gas to air; therefore vege- 
tation, which restores the purity of air altered by these pro- | 


cesses, must increase the oxygen, and diminish the carbonic 
acid gas of that air;.consequently the quantity of carbonic 
acid gas absorbed by plants during the day is greater than the 
quantity emitted by them during the night; and of course the 


carbon of the sap is increased in the leaves. 


It is true, that when plants are made to vegetate for a num-+ 
ber of days in a given quantity of air, its ingredients are not 
found to be altered. Thus Hassenfratz ascertained that the 
air, in which young chesnuts vegetate for a number of days 
together, was not altered in its properties, whether the ches- 
nuts were vegetating in water or m earth;* and Saussure, 


_ junior, proved that peas growing for ten days in water did not 


* Ann, de Chim. xiii. 325 
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Book tv. alter the surrounding air.* But this is precisely what ought 


to be the case, and what must take place, provided the con- 
clusions which I have drawn be just. For if plants only emit 
oxygen gas by absorbing and decomposing carbonic acid gas, 
it is evident, that unless carbonic acid gas be present, they can 
emit no oxygen gas; and whenever they have decomposed all 
the carbonic acid gas contained in a given quantity of air, we 
have no longer any reason to look for their emitting any more 
oxygen gas; and if the quantity of carbonic acid gas emitted 
during the night be smaller than that absorbed during the 
day, it is evident that during the day the plant will constantly 
decompose all the acid which had been formed during the 
night. By these processes the mutual changes of day and 
night compensate each other; and they are prevented from 
more than compensating each other by the forced state of the 
plant. It is probable, that when only part of a plant is made 
to vegetate in this forced state, some carburetted sap (if I may 
be allowed the expression) is supplied by the rest of the plant; 
and that therefore the quantity of carbonic acid gas emitted 
during the night may bear a nearer proportion to that emitted 
in a state of nature than that of the absorption of fixed air 
can possibly do. And probably, even when the whole plant 
is thus confined, the nightly process goes on for a certain time 
at the expense of the carbon already in the sap; for Hassen- 
fratz found, that in these cases the quantity of carbon in the 
plant, after it had vegetated for some time in the dark, was 
less than it had been when it began to vegetate.+ This is the 
reason that plants growing in the dark, when confined, absorb 


all the oxygen gas, Vand emit carbonic acid gas: and whenever 


this has happened, they die; because then neither the dei 


nor nightly processes can go on, 


SECT. V. 
+ OF THE PECULIAR JUICES OF PLANTS. 


By these changes which go on in the leaves, the nature of 


_ the sap is altogether changed. It is now converted into what 


is called the peculiar juice, or true sap, and is fit for being as- 
similated to the different parts of the plant, and for being em- 


* Ann. de Chim, xxiv. 189. + Ibid. xiii. 188. 
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ployed in: the formation of those secretions which are neces- chap. 11, 
sary for the purposes of the vegetable economy. a 

The leaves, therefore, may ‘ie considered as the digesting Leaves the 
organs of plants, and as equivalent in some measure to the ie 
stomach and lungs of animals. The leaves consequently are =" 
not mere ornaments ; they are the most important parts of the 
plant. Accordingly we find, that whenever we strip a plant 
of its leaves, we strip it entirely of its vegetating powers till 
new leaves are formed. It is well known that when the leaves 
of plants are destroyed by insects they vegetate no longer, 
and that their fruit never makes any farther progress in ri- 
pening, but decays and dries up. Even in germination no 
progress is made in the growth of the stem till the seed-leaves 
appear. As much food indeed is laid up in the cotyledons as 
adyances the plant to a certain state : the root is prepared, and 
made ready to perform its functions; but the sap which it im- 
bibes must be first carried to the seed-leaves, and digested 
there, before it be proper for forming the plumula into a stem. 
Accordingly if the seed-leaves are cut off, the plant refuses to 
-yegetate, — 

It will be very natural to ask, if this be true, how come the tow they 
leaves themselves to be produced? I had endeavoured to ren- *"° Pi? 
der it probable, that food for the purpose of nourishing and 
' developing them was laid up in the buds themselves; but the 

experiments of Mr. Knight, formerly detailed, have shown 
that the alburnum is the part of the tree in which this food is 
deposited. After the plant has developed all the parts which 
are to appear during the summer, and after the buds are fabri- 
cated and rolled up, the leaves still continue to manufacture 
new food, and to send it to the alburnum. Here it is depo- 
sited, and employed next spring in feeding and developing 
those organs of plants which are Srecelaines ars for ena- 
bling them to perform the functions of vegetation. From this 
important fact, Mr. Knight has drawn a number of curious 
consequences, of great importance to the practical gardener 
and farmer. 

This deposition of food for the future supply of the plant 
explains to us why the branch of a yine, if it be introduced 
into a hot-house during the winter, puts forth leaves and vege- 
tates with vigour, while every other part of the plant gives no 
signs of life. It explains to us also why the sap flows out of 
trees very readily in spring before the leaves appear, but alter 
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that the bleeding ceases altogether. It is evident that there 
can be scarcely any circulation of sap before the leaves ap- 
pear; for as there is no outlet, when the vessels are once full 
they can admit no more. It appears, however, from the bleed 
ing, that the roots are capable of imbibing, and the vessels of 


circulating, the sap with vigour. Accordingly, whenever there’ 
is an outlet, they perform their functions as usual, and the 


tree bleeds; that is, they send up a quantity of sap to be di+ 
gested as usual: but as there are no digesting organs, it flows 
out, because the sap that flows out would not have been im- 
bibed at all, had it not been for the artificial opening. But 
when the digestive organs appear, the tree will not bleed; be- 
cause these organs require all the sap, and it is constantly 
flowing to them. 

If a tree be deprived of its leaves, new leaves make their 
appearance, because they are already prepared for that pur- 
pose. But what would be the consequence if a tree were de- 
prived of its leaves and of all its buds for five years back ? 
That plants do not vegetate without leaves is evident from an 
experiment of Duhamel. He stripped the bark off a tree in 
ringlets, so as to leave five or six rings of it at some distance 
from each other, with no bark in the intervals. Some of these 


rings had buds and leaves; these increased considerably in ~ 


size ; but one ring which had none of these remained for years 
unaltered. Mr. Knight found that a shoot of the vine, when 
deprived of its leaves died altogether.* 

The succus proprius, or peculiar juice of plants, may be con- 
sidered as analogous to the blood of animals. It is the food 
altered by digestion, and rendered fit for being assimilated and 


_ converted into a part of the plant itself by the subsequent pro- 


‘Which flows 
from the 
leaves, 


En vessels, 


cesses of vegetation. ‘That it flows from the leaves. of the 
plant towards the roots appears from this circumstance, that 
when we make an incision into the plant, into whatever posi- 
tion we put it, much more of the succus proprius flows from 


that side of the wound which is next the leaves and branches 


than from the other side: and this happens even though the 
leaves and branches be held undermost.+ When a ligature is 
tied about a plant, a swelling appears above but not below the 
ligature. 


The vessels containing the peculiar juice have been traced 


* Phil, Trans. 1801, p.. 338. + Bell, Manch. Mem. ii. 402, 
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by Mr. Knight from the leaves into the cortical layers of the chap. m. 
inner bark.* Hedwig, who hasexamined the vessels of plants “~~~ 


with very great care, seems to consider them as of the same 
structure with the tracheea; but Mr. Knight is of a different 
opinion. It appears evidently from the experiments of this last 
gentleman, that they communicate with no part of the plant 
which is situated at a greater distance from the root than the 
leaf from which they themselves originate. For when two 
circular incisions are made through the bark of a branch above 
and below:a leaf, and at some distance from it, only that part 
of the portion confined between the two. incisions which is si- 
tuated below the leaf increases in size. From the experiments 
of Mr. Knight, there is reasen to believe that these vessels are 
much better calculated to carry the true sap from the leaves 
towards the roots, than in the contrary direction. By passing 
_the slender shoots of a vine through the earth of a garden- 
pot, he made them send out roots. ‘The shoots were then cut 
_ off from the parent tree, leaving an equal portion on each side 
of this new root. Each of these portions was turned up at a 
similar angle, and had a bud at a little distance from the cut- 
off extremity. Here were two stems growing from one root. 
But the one was obviously inverted, while the other was in its 
natural position. In the first, the wood between the bud and 
the cut-off extremity increased in size; but in the other it did 
not: indicating a disposition in the true sap to move in its ori- 
ginal direction from the leaves to the root. In like manner, 
when shoots of gooseberry and currant bushes were planted 
inverted, the upper part always decayed.} These experiments 
are favourable to the opinion, that these vessels are furnished 
with valves. 

When all communication between the leaves and roots is 
cut off, by removing a portion of the bark all round the tree, 
it appears, from the experiments of Knight, that the alburnaus 
vessels acquire the property of transmitting a portion of the 
true sap to the roots, so as to maintain the powers of vege- 
tating ; but the quantity is greatly diminished. ‘The surplus 
appears to be lodged in the alburnum, which thus becomes 
denser; and if he} plant be allowed to vegetate, this food i is 
expended next season upon the upper part of the plant. Thus 


the quantity of blossom on the branch of an apple tree is © 


* Phil, Trans. 1801, p. 387. 
+ Nicholson’s Jour. x. 262. 
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greatly increased by removing a section of its bark the season 
before the blossom is to appear.* 

The true sap is easily known by its colour and its consist- 
ence. In some plants it is green, in some red, in many milky. 
It cannot be doubted that its motion in the vessels is performed | 
in the same way as that of the sap. 

If we had any method of obtaining this peculiar juice in a 
state of purity, the analysis of it would throw a great deal of 
light upon vegetation; but this is scarcely possible, as we can- 
not extract it without dividing at the same time the vessels 
which contain the sap. In many cases, however, the pecu- 
liar juice may be known by its colour, and then its analysis 
may be performed with an approach towards accuracy. The 
facts respecting its constituents, hitherto ascertained by che- 
mists, have, as far as Iam acquainted with them, been de- 
tailed in the preceding chapter. These experiments prove, 
as might have been expected, that the peculiar juices differ, 
very cotisider ably from each other, and that every plant has a 
juice peculiar to itself. Hence it follows, that the processes 
which go on in the leaves of plants must differ at least in de- 
gree, and that we have no right to transfer the conclusions 
deduced from experiments on one species of plants to those 
of another species. It is even probable, that the processes in 
different plants are not the same in kind; for it is not. rea- 
sonable to suppose that the phenomena of vegetation in an 
agaric or a boletus are precisely the same as those which take 
bibeels in trees and in larger vegetables, on which alone experi- 
ments have hitherto been made. 

The true sap is conveyed to every part of the plant; and 
all the substances which we find in plants, and even the organs 
themselves by which they perform their functions, are formed 
from it. But the thickest veil covers the. whole of these pro- 
cesses ; and so far have philosophers hitherto been from re- 
moving this veil, that they have not even been able to ap- 
proach it. All these operations indeed, are evidently chemi- 
cal decompositions and combinations; but we neither know 
what these decompositions and combinations are, nor the in- 
struments in which they take place, nor the agents by which 
they are regulated. — ; 


* Knight on the Inverted Action of the Alburnous Vessels of Trees. 
Phil. ‘Trans, 1806. 


DECAY OF PLANTS. 


SECT. VI. 


OF THE DECAY OF PLANTS: 


Sucu, as far as I am acquainted with them, are the changes 
produced by vegetation. But plants do not continue to ve- 
getate for ever; sooner or later they decay and wither, and 
rot, and are totally decomposed. This change indeed does 
| not happen to all plants at the end of the same time. Some 

live only for a single season, or even for a shorter period; 

others live two seasons, others three, others a hundred or 
more ; and there are some plants which continue to vegetate 
for a shee years; byt sooner or later they all cease to 
live: and then those very chemical and mechanical powers 
which had promoted vegetation combine to destroy the re- 
mains of the plant. Nom, What is the cause of this change ? 

Why do plants die? 

_ This question can only be answered by examining with some 
care what it is which constitutes the /ife of plants: for it is 
evident, that if we can discover what that is which constitutes 
the life of a plant, it cannot be difficult to discover whatever 

constitutes its death. 
__ Now the phenomena of vegetable ie are in general vegeta- 
tion. As long as a plant continues to vegetate, we say that it 
lives; when it ceases to vegetate, we conclude that it is dead. 
The life of vegetables, however, is not so intimately con- 
nected with the phenomena of vegetation that they cannot be 
separated. Many seeds may be baat for years without giving 
any symptom of vegetation; yet if they vegetate when put 
Into the earth, we say that they possess life; and if we would 
speak accurately, we must say also that they possessed life 
even before they were put into the earth: for it would be ab- 
-surd to suppose that the seed obtained life merely by being 
| put into the earth. In like manner many plants decay, and 
‘give no symptoms of vegetation during winter; yet if they 
-vegetate when the mild temperature of spring affects them, 


plants, then, and the phenomena of vegetation, are not  pre- 
icisely the same thing; for the one may be separated from the 
other, and we can even suppose the one to exist without the 
other. Nay, what is more, we can, in many, cases, decide, 
without hesitation, that a vegetable is not dead, even when uo 


'we consider them as having lived all winter. The life of 
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vegetation appears; and the proof which we have for its life - 
is, that it remains unaltered ; for we know that when a vege- 
table is dead, it soon changes its appearance, and falls into 
decay. 

Thus it appears that the life of a vegetable consists in two | 
things: 1. In remaining unaltered, when circumstances are. 
unfavourable to vegetation; 2. In exhibiting the phenomena 
of vegetation when circumstances are favourable. When 
neither of these two things happens, we may say that a vege- 
table is dead. 

The phenomena of vegetation have been enumerated above. 
They consist in the formation or expansion of the organs of 
the plant, in the taking in of nourishment, in carrying it to 
the leaves, in digesting it, in distributing it through the plant, 
in augmenting the bulk of the plant, in repairing decayed 
parts, in forming new organs when they are necessary, in 
producing seeds capable of being converted into plants simi- 
lar to the parent. ‘The cause of these phenomena, whatever 
it may be, is the cause also of vegetable life, and may be dis- 
tinguished by the name of the vegetative principle. But an in- 
quiry into the nature of this principle belongs to the science 
of physiology, and would be foreign to the nature of this 
work. ) 

The death of plants, if we can judge from the phenomena, 
is owing to the organs becoming at last altogether unfit for 
performing their functions, and incapable of being repaired 
by any of the powers which the vegetative principle pos- 
sesses. The changes which vegetable substances undergo 
after death come now to be examined. ‘They shall form the 
subject of the ensuing chapter.. 


; 


CHAP. IV. a 
OF THE DECOMPOSITION OF VEGETABLE SUBSTANCES. 


Tue most striking distinction between the substances bes 
longing to the mineral kingdom and those which make a part 
of animals or vegetables, is the following: mineral bodies 
show little or no tendency to change their nature; and when | 
left to themselves, undergo no spontaneous decompositions: 
whereas animal and vegetable substances are continually al- 
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tering; and when left to themselves in favourable circum- chap. 1v. 
stances, always run through a regular set of decompositions, —~~— 
I propose in this chapter to treat of the spontaneous decompo- 

sitions of vegetable bodies; those of animal bodies belong 

to the next book. 

~ We have seen in the last chapter, that during vegetation vesetabte 
the constituents of plants are continually going through a re- oy 
gular set of changes, losing the properties of one substance, vital We 
and assuming those of another. Thus a substance whichin 
the young plant has the properties of mucilage, assumes in the 

old the properties of starch; what in green fruit is an acid, 

in ripe fruit becomes sugar. Vegetable principles, then, are 
‘not fixed or stationary in the living plant; they are gradually 
running into one another. But this tendency to change, or 

rather this continual decomposition in consequence of the 
mutual reaction of the different simple substances of which 

tlie vegetable principles are composed, is by no means con- 

fined to the living state. It goes on with equal or with greater 

energy in favourable circumstances in vegetable matter after 

it has been completely separated from the living plants. It 

has been observed that this tendency to spontaneous decom- 
position is usually greater in animal than in vegetable bodies ; 

and that those vegetable bodies, in which the tendency is 
greatest, bear the closest resemblance to animal matter. Hence 

the common chemical phrase, that such substances are more 
animalixed. ‘This is the case with gluten in particular, which 
undergoes spontaneous decomposition more rapidly than most 

other vegetable bodies. ; 

During the spontaneous decomposition which vegetable These spon 
substances undergo, it is obvious that the simple substances jon?” 
of which they are composed must unite together in a different 
manner from that in which they were formerly united, and 
form a new set of compounds which did not formerly exist. 

Now it has been observed that the specific gravity of these 
new compounds is almost always less than that of the old 
body. Some of them usually fly off in the state of gas or 
vapour. Hence the odour that vegetable bodies emit during 
the whole time that they are running through the series of 
their changes. When the odour is very offensive or noxious, 
the spontaneous decomposition is called putrefaction; but 
when the odour is not offensive, or when any of the new com- 
pounds formed is applied to useful purposes, the spontaneous 
decomposition is called fermentation. ‘This word was first 
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Book iv. introduced into chemistry by Van Helmont.* It is supposed 


end 
Called fer- 


mentation. 


Tendency 
ciffers in 
different 
bodies. 


by some to have originated from the intestine motion which 
Is always peas aiee while vegetable substances are ferment- 
ing; while by others it is dexived from the heat which in these 
cases is always generated. The term fermentation 1s now very 
often applied to all the spontaneous changes which vegetable 
bodies undergo without regard to the products. It therefore, 
in that sense, includes putrefaction; and certainly there is no 
impropriety in thus extending the term so as to make it coms 
prehend every case of spontaneous decomposition. By fer=, 
mentation, then, is now meant all the spontaneous changes 

which take place in vegetable substances after they are separated 
from the living plant. 

All the niteieineae of fermentation Jay for many years con-= 
cealed in the completest darkness, and no chemist was bold. 
enough to hazard even an attempt to explain them. They 
were employed, however, and without hesitation too, in the 
explanation of other phenomena; as if giving to one process 
the rame of another, of which we are equally ignorant, could, 
in reality, add any thing to our knowledge. ‘The dark- 
ness which enveloped these phenomena has lately begun to 
disperse ; but they are still surrounded with a very thick mist 5 
2nd we must be much better acquainted with the composition 
of vegetable substances, and the mutual affinities of their in-_ 
gredients, than we are at present, before we can explain them _ 
in a satisfactory manner, wh 

Fermentation never takes place unless vegetable substances — 
contain a certain portion of water, and unless they are ex- 
posed to a temperature at least above the freezing point. 
When dry or freezing, many of them continue long without 
alteration. Hence we have an obvious method of preventing’ 
fermentation. © 

If we take a view of all the vegetable principles described 
in the first Chapter of this Book, we shall find that they differ 
much from one another in their tendency to run into fermen 
tation. Gum, sarcocol, starch, indigo, wax, resins, camphor, © 
caoutchouc, gum resins, wood, and suber, though mixed with 
water, and placed in the most favourable temperature, show 
scarcely any tendency'to change their nature... Oils absorb 
oxygen from the atmosphere, but too slowly to produce any 
intestine motion. ‘Tannin, some of the acids, and extractive, 


* Stahl’s Fundament. Chem. 1, 124. 
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are gradually decomposed ; the surface of the liquid becomes 
-mouldy, and an insipid sediment falls to the bottom; and 
when the process has once begun, it goes on with greater 
rapidity. Albumen and fibrin putrefy very quickly, but the 
products have not been ascertained; gluten gradually changes 
into a kind of cheese. 

But it is when several of the vegetable principles are mixed 
together, that the fermentation is most perceptible, and the 
change most remarkable. ‘hus when gluten is added to a 
solution of sugar in water, the liquid soon runs into vinegar, 
or in certain cases to alcohol and vinegar. When gluten is 
mixed with starch and water, alcohol and vinegar usually make 
their appearance ; but the greatest part of the starch remains 
unaltered. Jt has been observed that certain substances are 
peculiarly efficacious in exciting fermentation in others. ‘These 
substances have received the name of ferments. 

But the phenomena of fermentation do not appear in their 
greatest perfection in our artificial mixture of vegetable prin- 
ciples. Those complicated parts of plants in which various 
principles are already mixed by Nature, especially the liquid 
parts, exhibit the finest specimens of it; such as the sap of 
trees, the juices of fruits, the decoctions of leaves, seeds, &c. 
It is from such natural mixtures that we obtain all the pro- 
ducts of fermentation which mankind have applied to useful 
purposes ; such as indigo, beer, bread, vinegar, wine,&c. In 
the present imperfect state of the subject, I shall satisfy my- 
self with an account of the most important of these products 
of fermentation, and of the phenomena which take place during 
their formation. I shall divide this chapter into three sec- 
tions: in the first, I shall treat of the fermentation which 
produces intoxicating liquors; in the second, of the fermen- 
tation which, produces vinegar; and in the third, of that 
which reduces the substance to soil. These are usually called 
the vinous, aceious, and putrefactive fermentations. 


SECT. I. 


OF THE VINOUS FERMENTATION. 


Unper this name is comprehended every species of fermen- 


tation which terminates in the formation of an intoxicating 
liquid. Now these liquids, though numerous,-may be com- 
prehended under two general heads ; namely, those which are 
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Book IV. Obtainéd from the decoctions of seeds, and those which are ob= 
—\— tained from the juices of plants. The liquids of the first class 


Steeping of 
barley. 


are denominated beer or wash, those of the second wine. 


I. BEER. 


The method of making beer was known in the most remote _ 
ages. "The Greek writers give the honour of the invention to — 


the Egyptians. Almost every species of corn has been em- 


ployed for the purpose. In Europe it is usually made from 
barley, in India from rice, in the interior of Africa from the 


P ° } J * © e ; . 
holcus spicatus; * but whatever grain is employed, the process 


is nearly the same. We shall therefore select, as an example, 


the beer made in this country from bazley. 


1. As the grain in its natural state has been found unsuit- 
able for yielding good beer, it is usual, in the first place, ‘to 
convert it into malt. 

The term malt is applied to grain which has been made to 
germinate artificially to a certain extent, after which the pro- 
cess is stopped by the application of heat. 

The barley is steeped in cold water for a period which (as 
regulated by law) must not be less than 40 hours; but beyond 
that period the steeping may be continued as long as is thought 
proper. Here it imbibes moisture, and increases in bulk; _ 
while at the same time a quantity of carbonic acid is emitted, 


‘and a part of the substance of the husk is dissolved by the 


steep-water. ‘he proportion of water imbibed depends partly 
on the barley, and partly on the length of time that it is steeped. 
From the average of a good many trials, it appears that the 
medium increase of meiahe from steeping, may be reckoned 
0°47; that is to say, every 100 pounds of barley when taken 
out of the steep weighs 147 pounds. ‘The average increase of} 


bulk is about a fifth; that is to.say, that 100 bushels of grain, 


after being steeped, swell to the bulk of 120 bushels. The 
carbonic acid emitted while the barley is in the steep is incon- 
siderable; and it is probable from the experiments of Saus- 
sure, that it owes its formation, at least in part, to the Oxyooms 
held in solution by the steep-water. 

The steep-water gradually acquires a yellow colour, and the 
peculiar smell and taste of water in which straw has been 
steeped. ‘The quantity of matter which it holds in solution 
varies from ;1;th to ~4,th of the weight of barley. It consists 


* Park’s Travels, p. 63, 8vo. Edition, 
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chiefly of an extractive matter of a yellow colour. smd dis- 
agreeable bitter taste, which deliquesces in a moist atmosphere, 


and contains always a portion of nitrate of‘soda. It:holds in 


solution most of the carbonic acid disengaged. This extrac- 
_ tive matter is obviously derived from the husk of the barley, 
and is that substance to which that husk owes its colour. Ac- 


cordingly grain becomes much paler by steeping. 

After the grain has remained a sufficient time in the:steep, 
the water is drained off; and the barley thrown out of the cis- 
tern upon the malt-floor, where it is formed into a rectangular 
heap, called the couch, about 16 inches deep. In this situation 
it is allowed to remain about 26 hours. It is then turned, by 


‘means of wooden shovels, and diminished a little in depth. 


This turning is repeated twice a day or oftener, and the grain 
is spread thinner and thinner, till at last its depth does not 
exceed a few inches. 

When placed on the couch, it begins vit leis by to absorb 
‘oxygen from the atmosphere, and to convert it into carbonic 
‘acid; at first very slowly, but afterwards more rapidly. ‘The 
temperature, at first the same with that of the external air, 
begins slowly to increase; and in about 96 hours the grain is, 
at an average, about 10° hotter than the surrounding atmo- 
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sphere. At this time the grain, which had become dry on the - 


surface, becomes again so moist that it will wet the hand, and 
exhales at the same time an agreeable odour, not unlike that 
of apples. ‘The appearance of this moisture is called sweating. 
A small portion of alcohol appears to be volatilized at this 
period. The great object of the maltmen is to keep the tem- 


perature from becoming excessive. ‘This they do by frequent. 


turning. ‘The temperature which they wish to preserve varies 
‘from 55° to 62°, according to the different modes of malting 
pursued. 

At the period of the sweating the roots of the grains begin 


‘to appear, at first like a small white prominence, at the bottom 


of each seed, which soon divides itself into three rootlets, and 
increases in length with very great rapidity, unless checked by 
turning the malt. About a day after the sprouting of the roots, 
the rudiments of the future stem, called acrospire by the malt- 
sters, may be seen to lengthen. It rises from the same extremity 
of the seed with the root, and advancing within the husk, at last 
issues from the opposite end: but tiie process of eee is 
stopped before it has made such pr ogress. 

As the acrospire shoots along the grain, the appearance of 
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up and removed, the colour becomes white, and the texture 
so loose that it crumbles to powder between the fingers. The 


object of malting is to produce this change: when it is accom- 


‘plished, which takes place when the acrospire has come nearly 


to the end of the seed, the process is stopped by drying the - 
malt upon the kiln. The temperature at first does not exceed © 


90°; but it is raised very slowly up to 140°, or higher, ac- 


cording to circumstances. ‘The malt is then cleaned, to sepa- 


rate the rootlets, which are considered as injurious. 


Such is a short sketch of the process of malting. Barley, © 


by being converted into malt, generally increases two or three 
per cent. in bulk; and loses at an average, about a fifth of its 
weight, or 20 per cent. But of these 20 parts 12 are to be 


ascribed to kiln-drying, and consist of water, which the barley — 


would have lost had it been exposed to the same temperature : 


so that the real loss does not exceed eight per cent. From a_ 
good many trials, made with as much attention to all the cir-_ 


cumstances as possible, the following seems to be the way of 
accounting for this loss: 


Carried off by the steep-water ...... 1°5 
Dissipated in the floor ........... wate 
Roots, separated by cleaning ....... 3°0 
WY Asker a e's Ct eisn getter ss sia we ea Sant 


$°0. 


The loss on the floor ought to be entirely owing to the se= 


paration of carbon by the oxygen of the atmosphere; but were 
this the only cause, it would be much smaller than three per 
cent. ‘I'wo other causes concur to produce this loss:— 


malt; these wither and are lost, while others grow in their 
place:—2. A certain portion of the seeds lose the power of 
germinating, by bruises or other accidents, and these lose a 
much greater portion than three per cent. of their real weight. — 
From a good many trials, made with as much care as possible, 
I meets to conclude that the quantity of carbon, sepa- 
rated during the whole process of malting, by the formation 
of carbonic acid gas, does not exceed two per cent. and tHat 
the weight of the roots formed amounts often to four per 


cent. ‘These two, in reality, include the whole real loss of 


1, Many of the roots are broken off during the turning of the | | 
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weight which barely sustains when malted. What is lost in 


the steep, being husk, need scarcely be reckoned. 


The roots appear, from the process, to be formed chiefl 


- from the mucilaginous and glutinous parts of the kernel. The 
_ starch is not employed in their formation; but undergoes a 


_ change, intended uo doubt to fit it for the future nourishment 


of the plumula. It acquires a sweetish taste, and the property 
of forming a transparent solution with hot water. In short, 


it approaches somewhat to the nature of sugar; but is much 


more soluble, and much more easily decomposed, than that 
principle. From the experiments of Saussure on the conver- 
sion of starch into sugar, of which an account has been given 
in a preceding Chapter, there is reason to conclude that this 
change is brought about by the combination of the starch with 
water. The action of hot water on barley-meal seems pradu- 
ally to induce a similar one. 
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2. Malt thus prepared is ground in a mill, and infused in a Brewing, 


large cylindrical vessel, called the mash-tun, with somewhat 
more than its own bulk of water, of a temperature varying 
from 160° to 180°, according to the fancy of the brewer. The 
infusion is left covered for two or three hours, aud then the 
liquid drawn off by a cock at the bottom of the vessel. More 
hot water is afterwards added, and the infusions repeated in a 
similar manner till the malt is sufficiently exhausted. 

The liquid thus obtained is called wort. It has a brown 


colour, a luscious sweet taste, a peculiar smell, and when the 


process is properly conducted is. perfectly transparent. It 


consists of the water employed holding the mealy part of the 


malt in solution. When examined by reagents, it appears to 
consist chiefly of four different substances held in solution 
together: namely, 1. A sweet-tasted substance, to which the 


‘ame of saccharine matter has been given. It is by far the 


t 


greatest in point of quality. This substance when separated 


has a light-brown colour; when dried at 160°, it forms a 


brittle mass with a glazed surface; at the temperature of 180°, 
or a little higher, its colour becomes darker; and if we keep 
it in that temperature, moistening it occasionally, it becomes 
at last almost black, loses its sweet taste altogether, and ac- 


quires a sharp disagreeable one. In a temperature somewhat 


higher, but under the boiling point, it is charred. It is very 

soluble in water, and if once dissolved can scarcely be re- 

covered again by evaporation without considerable loss. Al- 

cohol dissdlves it very imperfectly cold, and when heat is ap- 
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a tough mass like turpentine, which refuses to dissolve. The 
specific gravity of this saccharine matter is 1°552. It appears 
to be the essential constituent of wort. 2. Starch. The pre- 
sence of this substance is easily detected by dropping the in- 
fusion of nutgalls into wort; a precipitate appears, which is 
mostly redissolved by heating the liquid to 120°. 3. The in- 


“soluble part of the precipitate is a combination of gluten and 


tannin. ‘The proportion of gluten in wort is very inconsider- 


able. That of the starch probably diminishes in proportion as 


the barley is more completely malted. I have detected starch 
in pretty old and perfectly transparent ale ; but the gluten had 
disappeared. New ale, however, often contains traces of it. 
4. The fourth ingredient in wort is mucilage, which precipi- 
tates in flakes when the wort is dropped into alcohol. Its 
quantity is more considerable in the worts last drawn off than 
in the first worts. | 

The wort is boiled with a quantity of hops, which vary 
considerably, but which may be stated in general at about =,th 


_of the weight of the malt. When sufficiently concentrated, 


it is thrown into very wide flat vessels called coolers, placed in the 


most open situation that can be had. Here it is cooled down ~ 


to the temperature of about 52°, and then let down into a 
deep round wooden vessel called the fermenting tun. The 
specific gravity of the wort when put into the fermenting tun 
varies very much. ‘The wort of strong ale is sometimes as low 
as 1:060; sometimes as high as 1:127. In the first case it 


contains 14°25 per cent. of solid matter; in the second 28:2 _ 
per cent. The wort of small beer varies from 1°015 to 1°040; 


the first containing not quite 3°5 per cent. and the second — 
about 9°5 per cent. of solid matter. 
The use of the hops is partly to communicate a peculiar 
flavour, from the. oil which they contain; partly to cover the 
sweetness of saccharine matter by the bitter principle which 
they contain; and partly to counteract the tendency which’ 
wort has to run into acidity. | 
If the wort be let down into the fermenting tun at the tem- 
perature of 60°, or rather higher, the substances which it 
holds in solution begin gradually to act upon each other, and 
to decompose each other. The temperature rises, an intestine 
motion takes place, a scum collects on the surface, and car- 
bonic acid gas is emitted. This intestine motion is called fer- 
mentation. ‘The disposition of wort to ferment is not suffi- 


bo 


VINOUS FERMENTATION. ~ 371 


ciently great to induce it to do so with the requisite rapidity. ‘Chap. rv. 
It takes place so slowly and imperfectly, that the liquor runs 

into acidity before the formation of ale has made sufficient 
‘progress. ‘To prevent this, it is requisite to add to the wort 

some substance which has the property of inducing speedy 
fermentation. ‘The substance made choice of is yeast, or the 

frothy matter which collects on the surface of the beer while 
fermenting. The quantity of yeast used by brewers is but® 

small, generally about a gallon to every three barrels of the 

wort. 

The yeast thus added appears to act chiefly upon the sac- 
charine matter held in solution in the wort, to decompose it 
while it undergoes partial decomposition itself. By this mu- 
tual action the saccharine matter disappears, the specific gra- 
vity of the wort diminishes, and its properties alter, being 
converted into the intoxicating liquor called ale. During this 
mutual action the temperature of the liquid increases, and the 
increase depends upon the violence of the fermentation. In 
ale worts the rise of temperature is but small, amounting at 
an average to about 15°, because the quantity of -yeast is small; 
but in the fermentation of wash, it often amounts to 50°, or 
even more in some cases. 

Considerable exertions have been made by chemists, of late, Analysis of 
to ascertain the nature of the substance in yeast which pro-*“*" 
duces this striking effect upon wort, and to discover it if pos- 
sible in other substances. Westrumb examined the yeast of 
beer. From 15360 parts of it he obtained the following 
substances : 


D6) Cota Ay OOD pak egg, eR 13 


Carbonic acid. ....5..% 15 
ACOUIE ROME she uleigen tiie s 10 
WEANIC- AGI ola cers. disie thas ADS 
beset) AGG eaenere nate 69 
POO OL Gee ie ee i oO) 
PRIEACTIVGl de Wiis as dod oldies oO ‘ 


DEUCUAGE Ea vi sole sleiste: eno 
Saccharine matter ...... 315 
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Besides some traces of phosphoric acid and of silica.* But it 
is obvious, that all these ingredients are not essential. rom 


the experiments of Westrumb, it appears that when the yeast 


is filtered, a matter remains upon the filter which possesses 
the properties of gluten; that when this substance is separated 


the yeast loses the property of exciting fermentation, but re- 


covers it again when the gluten is added. Hence it follows 
that this glutinous matter is the essential constituent of the 
yeast. When yeast is kept for some time in cylindrical glass 
vessels, a white substance not unlike curd separates, and 
swims upon the surface. If this substance be removed, the 
yeast loses the property of exciting fermentation. This sub- 
stance possesses many of the properties of gluten, though it 
differs from it in others. Its colour is much whiter; it has 


not the same elasticity; and its particles do not adhere with | 


the same force. It dissolves more readily in acids. . I have 


little doubt that this is the part of yeast which is the real fer- 


ment. It may be considered as gluten somewhat altered, and 
much more disposed to decomposition. It existed, no doubt, 


in the raw grain, but underwent considerable modifications 
during the process of malting, and probably others during — 


the fermentation of the beer from which it separated. 

That a substance analogous to gluten is the real ferment, 
appears also from the experiments of Fabroni, who published 
a Treatise on Wine-making in 1785, which gained the prize: 
proposed by the Florence Academy. By heating the juice of 
grapes, and passing it through a filter, he geraxateld an adhe- 


sive matter which possessed the properties of gluten. The 


juice deprived of this substance refused to ferment, but it fer= 
mented as usual when the glutinous matter was again added. 

The observations of Theriee confirm those of F NGteaL He 
found in the juices of all fruits examined, a substance similar 
to that described by Fabroni, and which, according to him, is 
absolutely the same with pure yeast. This dubstinded is insi« 
pid, does not change vegetable blues, is insoluble in water, 

loses 3ths of its weight en dried, and is decomposed like 
soit substances. ‘When eight parts of it were distilled, 

they left 2°83 of charcoal, nid yielded 1°61 of water, 1°81 of 
oil, and a quantity of ammonia, which, when saturated with 
muriatic acid, formed 1°46 of sal ammoniac; the gas obtained 


* Crell’s Annals, 1796, i. 13. 
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weighed 0.38, and consisted of 1th carbonic acid, and 4ths of chap.1v. 
carburetted hydrogen, requiring 14 time its bulk of oxygen ~~ 
to consume it. Nitric acid, even when diluted, converts it 
into a species of tallow. With potash it forms a soap, while 
ammonia is disengaged. When mixed with sugar and a suffi- 
cient quantity of water, fermentation takes place, carbonic 
acid is disengaged, and a vinous liquor formed. By this ac- 
tion the ferment loses the whole of its azote, and becomes in- 
capable of exciting fermentation when mixed with a new por- 
tion of sugar.* An experiment of Kirchoff throws consider- 
able light on the nature of yeast. Barley-meal contains both 
gluten and starch. If pure starch be infused in hot water it 
is not converted into sugar. Neither does gluten become sac- 
charine matter when treated in the same way. But if. a mix- 
ture of pure, dried, pulverized wheat gluten and potatoe 
starch be infused in hot water, the starch is converted into 
sugar. During the process an acid is evolved. ‘The gluten is 
little altered in appearance, and if the liquid be filtered most 
of it remains upon the filter. But it cannot be employed suc- 
cessfully a second time to convert starch into sugar. It ap- 
pears then that it is some substance connected with the gluten 
that acts upon the starch, and converts it into sugar.} 

The essential constituent of yeast, then, may be considered 
as a species of gluten, differing in several respects from the 
gluten of wheat. When mixed with the wort, this substance — 
acts upon the saccharine matter; the temperature rises, car- 
bonic acid is disengaged, and the saccharine matter is con- 
verted into ale. The yeast soon collects on the top of the 
liquid, but the brewer occasionally mixes it again to continue 
the fermentation. The quantity of yeast employed being | 
small, the saccharine matter is but imperfectly ibeSiaetea 
Hence a considerable portion of it still remains in the are. 
ale, and gives it that glutinousness and body for which it is 
remarkable. The specific gravity of ale varies very much ac- 
cording to the original strength of the wort, and the extent to 
which the fermentation has been carried. ‘The limits may be 
stated at about 1-035 and 1°012. 

The properties of ale are so well known that no description 
is deemed necessary. It possesses intoxicating qualities, and 
holds a quantity of alcohol in solution ; ; which varies consider- 


o 


* Thenard, Ann. de Chim. xlvi. 308. 
+ Schweigger’s Jour. xiv. 389. 
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ably according to the original strength of the wort. I distilled 
a quantity of London: brewed ale, The specific gravity of the © 


wort was 1:0676. ‘The specific gravity of the ale was 1:0255. 
One hundred parts of it by weight yielded 


9°354 parts of proof spirit of specific gravity .., 0°91985 
Or, 
5°817 parts of alcohol of the specific gravity ... 0°825 


Another specimen of ale was distilled. The specific gra- 


vity of the wort was 1:0813. The specific gravity of the ale 


after fermentation was 1702295, One hundred parts of it by 
weight yielded 


11°13 parts of proof ts 
6°92 parts of alcohol of the specific gravity 0°825. 


Mr. Brande* distilled ale and brown stout porter. The | 
~ quantity of alcohol which he extracted from each by measure — 


was as. follows: 


Brown stout .... 6°80 per cent. 
ARO LOS. nee iecate . 8°88 


When reduced to weight, the quantity of alcohol of the 


specific gravity 0°825 obtained from each, will be as follows: 


Brown stout .... 5°61 per cent. 
DlGa este ne sien 7°33 


II, WASH. 


Ale being intended as an article of food, and its value de- 
pending in a great measure on its flavour and appearance, 


particular attention is paid to obtain these in as great perfec- — 
tion as possible. But there is another species of ale which is — 


brewed by the distillers for the express purpose of procuring 
from it ardent spirits by a subsequent process. The method — 


tae ae 


which they follow is in several respects different. In particu- — 
lar, they endeavour to carry the fermentation to as great a 
length as possible, because the quantity of spirits is propor- 


tional to the saccharine matter decomposed, whatever remains 
unaltered yielding none. It is here, therefore, that the effects 
of fermentation can be best observed. 


* Phil. Trans. 1811, p. 346, 
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1. In this country the distillers do not brew from pure malt ; Chap. tv. 
they use chiefly raw grain. The proportion of malt varies eae 
from a third to a tenth part of the raw grain employed. This 
mixture they grind to meal, infuse with water at a heat consi- 
derably lower than that of the water used by the brewers, and 
employ much more agitation to mix it completely. The wort 
is drawn off and cooled in the usual way, and fresh water 
poured on to exhaust the grain. 

The wort thus formed is not so transparent as that from 
malt, but its taste is nearly as sweet. It would appear, there- 
fore, that the starch in the raw grain undergoes a certain 
change during the mashing, and is brought towards the state 
of saccharine matter. 

In this country, where the duty is levied chiefly upon the 
wash,* the distillers make the specific gravity of their wort as 
high as from 1-084 to 1/110: this they do, not by boiling, but 
by Jobbing ; that is, by preparing a strong infusion of the flour 
of malt, or of barley and malt and hot water, and adding this 
almost saturated solution to the wort till it has acquired the 
requisite strength. But in Holland, where the duties are 
levied in a different way, the specific gravity of the wort is 
much lower. | 

The wort thus made is let down into the fermenting tun at Ferments- 
a temperature varying from 55° to 70°, according to the quan- cai 
tity, the season, the goodness of the yeast, and the skill of the 
distiller. Here it is mixed successively with considerable por- 
tions of the best yeast that can be procured, and the fermen- 
‘tation is urged as far as it can be made to go. The process 
lasts about ten days, and the temperature rises usually to be- 
tween 90° and 100°, and sometimes even higher. Great 
quantities of carbonic acid are disengaged, and the liquid be- 
comes specifically lighter; sometimes sinking to 1°000, and 
_ usually to from 1-007 to 1:002. The success of the fermenta- 
tion is estimated by this loss of specific gravity. 

_ The wash thus prepared is distilled. What comes over 
- first is denominated low wine, and is concentrated by a second 
distillation. 

This fermentation is obviously the consequence of the action iways ine 
of the peculiar ferment in yeast upon the saccharine matter of complete. 
the wort. Even when the fermentation is carried to its greatest 


* This is the name given to the fermented wort of distillers. 
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Hook IV. extent it does not appear that the whole solid matter held in 


Produce. 


solution by the wort is decomposed. Nine trials were made 
upon the wort of pure malt; in all of them the fermentation — 
went on pretty successfully, as may be seen from the following _ 
table: | 


Specific gravity 


Specific gravity 
of the wash, 


of the wort. 


1°0400'.40 ss teases) LOOTS 
LO5G6O0i8 08 uw oes 0016 
10500 ..ccueeseoe 10000 
1°04.92:58. Were es!s «(1°OO12 
10465 ccccedevecee 10045 
TORSO Gy ee wo 0 LOOLF 
TVO4GS oi otied. ... 10007 
10550 | $2 Bera gale ox) /0007 
LO524 ial? winds: ... 10004 


When a portion of these different liquids was evaporated 
to dryness, the quantity of solid matter which it left was found 
to amount to ith, at an average, of the original quantity. 
Thus 4ths had. been decomposed by the fermentation, and ith 
still remaitied. This matter was still capable of fermentation: 
when redissolved in water and mixed with fresh yeast. 

comparing the quantity of alcohol of- 0°825, obtained in these 
trials with the weight of solid matter of the malt which had 
been decomposed by the fermentation, the result was, that 
every pound weight of solid matter, so decomposed, furnished 
almost exactly half a pound of alcohol, of the specific gra- 
vity 0°825. 

When sugar, dissolved in four times its weight of water, and 
mixed with yeast, is placed in the proper temperature, it fer- 
ments precisely as wort does, and yields the same products. 
It has been employed, therefore, by chemists as a less compli- 
cated means of ascertaining the phenomena of fermentation. 
Thenard mixed 60 parts of yeast with 300 of sugar, and fer- 
mented them in the temperature of 59°. In four or five days, 
he informs us, that all the saccharine matter had disappeared.* 
The quantity of carbonic acid evolved amounted, by weight, 
to 94°6 parts. It was perfectly pure, being completely absorbed 


* There 1s reason to doubt the precision of this assertion, as it never 
happens in the great scale, where every thing is much more favourable. 


On a 
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by water.* The fermented liquid, being distilled; yielded cnep. Iv. 
-171°5 parts of alcohol, of the specific gravity *822. When ap genet 
the residue of the distillation was evaporated, 12 parts of a 
nauseous acid substance were obtained; and 40 parts of the 
yeast still remained ; but, upon examination, it had lost the 
whole of its azote. This experiment gives us the following 
quantities : 

1. Substances fermented. 
Stigar.....22++. 300 
PV CASE pete ts sce” OU 


360 

2, Products of fermentation. 
Alcohol of *822.. 171°5 
Carbonic acid ... 94°6 


Nauseous residue. 12°0 
Residual yeast... 40°0 


51851 
WSOGG a emir nas ee ea ek 
But as the nauseous residue and residual yeast, nearly make 
up the quantity of yeast employed, let us consider only the 
products of decomposed sugar, supposing the loss to be pro- 
portionally divided between the carbonic acid and alcohol. 
Now alcohol of the specific gravity 0°822 contains one tenth 
of its weight of water, which can be separated from it; and if 
we suppose with Saussure, that absolute alcohol contains 8°3 
per cent. of water, then the products of sugar decomposed by 
fermentation, according to the preceding experiment, are as 
follows: | le 
Alcohol jos. + 47°70 
Carbonic acid . 35°34 


83°04 


Or in 100 parts 
Alcohol...s ss. »- TAL 


Carbonic acid . 42°56 


100°00 


* The very pungent aromatic odour which carbonic acid has when disen- 
gaged from the fermenting tun shows that it contains a portion of the wash ; 
and this has been verified by actual experiment. 
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Book IV. This result approaches so nearly that of Lavoisier, that 
there is reason to suspect that the coincidence is more than — 


accidental. 
We have found reason to conclude that sugar is com- 


posed of 
5 atoms oxygen..... = 5°000 
6 atoms carbon..... = 4°500 
5 atoms hydrogen... = 0°625 


10°125 

Alcohol appears to be a compound of 
1 atom oxygen ..... = 1°000 
2 atoms carbon ..... = 1°500 


3 atoms hydrogen... = 0°375 


And carbonic acid of 
2 atoms oxygen = 2°00 
1 atom carbon = 0°75 


es 


2°75 


Now if we suppose 1 atom of sugar and 1 atom of water to 
be decomposed by the fermentation, it is obvious, that they 
may be converted into 2 atoms of alcohol and 2 atoms of car- 
bonic acid. For an atom of sugar and an atom of water are 
composed of | | 

6 atoms oxygen. 
6 atoms carbon. 
6 atoms hydrogen. 
Oxygen, Carbon. Hydrogen. 
2 atoms of alcohol consist of ... 2 atoms, 4 atoms, 6 atoms. — 


2 atoms of carbonic acid of .... 4 g 
Making together .....++--ss0s 6 | 6 6 


On that supposition, the weight of 575 a 
the alcohol evolved ought to be. 
And that of the carbonic acid ...,... 5°50 


Or per cent. 
Alcohol) jive aiee ss <6 Le AZ 
Carbonic acid ..... 48°88 


i00°00 
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Fabroni found that the gluten of wheat acted but imperfectly chap. tv. 
as a ferment; but that its efficacy was much improved by the ahi 4 
addition of tartar. Berthollet repeated these experiments suc-~ 2¢id be ne- 

cessary for 
cessfully. He ascribes the efficacy of tartar to the property fermentae 
which it has of promoting the solubility of the gluten. The“ 
presence of an acid was supposed formerly to be necessary for 
fermentation; but this does not seem to be the case. It is. 
true, indeed, that an acid usually makes its appearance during 
fermentation. The formation of this acid has been ascribed 
to the action of the yeast upon the mucilaginous or starchy 
parts of the wort: but from the experiments of Fourcroy and 
Vauquelin, it appears that it always makes its appearance when 
wort is fermented without any yeast. In these trials they ob- 
tained only vinegar, and. no alcohol. When the wort, either 
of raw grain or of malt, is fermented at the temperature of 80°, 
without any yeast, the gas which comes over consists of one- 
half carbonic acid and one-half hydrogen ; but at a lower tem- 
perature pure malt-wort does not yield any inflammable gas.* 


Ill. WINE. 


There is a considerable number of ripe fruits from which 
-a sweet liquor may be expressed, having at the same time a 
certain degree of acidity. Of such fruits we have in this Fruits at 
country the apple, the cherry, the gooseberr ys the currant, &c. ris 
i by far the most valuable of these fruits is the grape, which 
rows luxuriantly in the southern parts of Europe. From 
grapes, fully ripe, may be expressed a liquid of a sweet taste, 
to which the name of must has been given. ‘This liquid is yc. 
composed almost entirely of five eed aw namely, water, 
sugar, jelly, gluten, and tartaric acid partly saturated with 
potash. The quantity of sugar which grapes, fully ripe, con- 
tain, is very considerable; it may be obtained in crystals by 
evaporating must to the consistence of syrup, separating the 
tartar which precipitates during the evaporation, and then 
setting the must aside for some Roane The crystals of sugar 
are gradually formed.+ From a French pint of must, the 
Marquis de Bouillon extracted half an ounce (French) of 
sugar, and th ounce of tartar.{ According to Proust, the 
Muscadine grape contains about 30 per cent. of a peculiar 
species of sugar.§ _ | 


* Ann. des Mus. d’Hist. vii. 16. 
+ Bouillon, Jour, de. Phys. xxix. 3. 
ft ibid. ps 5.0. § Ibid. lvi. 113. 
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Book tv. When must is put into the temperature of about 70°, the 
care different ingredients begin to act upon each other, and what 
pba is called vinous fermentation commences. The phenomena of — 
tion, * this fermentation are an intestine motion in the liquid ; tt be- 

comes thick and muddy, its temperature increases, and car- 
bonic acid gas is evolved. In short, the very same changes 
take place as have been remarked when describing the fer- 
mentation of ale, In a few days the fermentation ceases, the 
thick part subsides to the bottom, or rises to the surface, the 
liquid becomes clear, it has lost its saccharine taste, and as- 
sumed a new one; its specific gravity is diminished; and it 
has become the liquid well known under the name of wine. 

As this fermentation takes place without adding any ferment, 
it is obvious that the requisite substance is present in the juice. 
This substance was separated, and found by Fabroni to be 
analogous to the gluten of plants; and gluten being substi- 
tuted for it, the fermentation succeeded. Fabroni has shown 
that the saccharine part of must resides in the cells of the 
grapes; while the glutinous matter, or ferment, is lodged on 
the membranes that separate the cells.. Hence it follows, that 
in the fruit these two substances are not in contact. Itis only 
after the juice is squeezed out that they are mixed. All other. 
juices which undergo a spontaneous fermentation at the requi- 
site temperature, have been shown by Thenard and Seguin to 
contain a similar substance. ‘The formation of wine, then, is 
owing to the action of this glutinous matter on the saccharine 
sabeanded of the j juice, Slee as happens in the fermentation 
of ale. 

Gay-Lussac has shown that the juice of grapes, and indeed 
the juice of all fruits will not ferment, if completely excluded 
from the air. But if a little oxygen gas be let up to it, this. 
gas is immediately absorbed, a brisk fermentation sence 
and the quantity of carbonic acid gas evolved is 100'times as | 
great as that of the oxygen gas absorbed.* It would be curious 
to know whether the same thing holds with respect to the wort | 
of malt. It is not improbable that it does; but wort ferments. 

so imper fectly without the addition of yeast, that it would not 
be easy to try the experiment. ' 

All those juices of fruits which undergo the vinous fermen- 
tation, cither with or without the addition of sugar, contain an 
acid. We have seen already, in the First. Chapter, that the 


* Ann. de Chim. Ixxvi. 245 
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vegetable acids are obtained chiefly from fruits. The apple, chap. rv. 
' for instance, contains malic acid; the lemon, citric acid; the “~~ 


erape, tartaric and malic acids. The Marquis de Bouillon has 
ascertained that must will not ferment if all the tartar which 
it contains be separated from it; but it ferments perfectly well 
on restoring that salt.* The same chemist ascertained that 
the strength of wine is considerably increased by adding tartar 


_ and sugar to the must.t We may conclude from these facts, 


that the presence of a vegetable acid is of importance in these 
spontaneous TE ite It deserves attention, that Buil- 
dion obtained more tartar from verjuice than from wine; and 
he observed, that the more the proportion of sugar in grapes 
increased, the more that of tartar diminished.t 

It seems more than probable, from the experiments of Buil- 
lion and Chaptal, that the tartaric acid is partly decomposed 
during the fermentation, and that a portion of malic acid is 
formed. ‘The process, therefore, 1s more complicated than 
was suspected by Lavoisier. It is obviously analogous to com- 
bustion, as is evident from the evolution of caloric and the 
formation of carbonic acid, which is a product of combustion. 
Proust has ascertained that, during the fermentation, not only 
carbonic acid, but azotic gas also, is disengaged. ‘This is a 
demonstration that all the constituents of must are concerned; 
for sugar does not contain that principle.§ Thenard could 


- detect no azote in the carbonic acid from wort. 


After the fermentation has ceased, the liquor is put into 
casks, where the remainder of the sugar is decomposed by a 


.slow fermentation; after which the wine, decanted off the ex- 


tractive matter, is put up in bottles. 


The properties of wine differ very much from each other CNR tee 


was extracted, and according to the manner in which the pro-" 
cess was Ss oaciiatart These differences are too well known to 
require a particular description. But all wines contain less 
or more of the following ingredients; not to mention water, 
which constitutes a very great proportion of every wine. 


according to the nature of the grapes from which the must ne of 


Ne» 


1. An Acid.—All wines give a red colour to paper stained jy acid, 


with turnsole, and of course contain an acid. Chaptal has as- 
certained that the acid found in greatest abundance in wine 
is the malic, but he found traces also of citric acid; and it is 


* Jour. de Phys. xxix. 4. But the addition of salt of wood sorrel did not 
restore the fermentation. 

+ Ann. de Chim. xxxvi, 20. - | } Jour. de Phys. xxix. 4. 

Nukbid, Wie LIS: . 
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Book 1v. probable that wine is never entirely destitute of tartar. All 
wines which have the property of frothing when poured into a 
glass contain also carbonic acid, to which they owe their brisk- 
ness. ‘This is the case with champagne. ‘These wines are — 
usually weak; their fermentation proceeds slowly, and they 
are put up in close vessels before it be over. Hence they re- 
tain the last portions of carbonic acid that have been evolved. 

Alcohol, 2. Alcohol.—All wine contains less or more of this principle, 
to which it is indebted for its strength ; but in what particular 
state of combination it exists in wine cannot easily be ascer- 
tained. It is undoubtedly intimately combined with the other 
component parts of wine; but Mr. Brande has shown by very 
decisive experiments that all wines contain alcohol ready 
formed, and that itis merely separated during the distillation 
of these liquids, and not formed as had been advanced by Fa- 
broni.* These experiments were afterwards confirmed by — 
Gay-Lussac.+ When wine is distilled, the alcohol readily 
separates. The distillation is usually continued as long as the 
liquid which comes over is inflammable. ‘The quantity ob-— 
tained varies according to the wine, from a fourth to a four- 
teenth part of the wine distilled. ‘The spirit thus obtained is 
well known under the name of brandy. Bouillon has observed, 
that when wine is distilled new it yields more alcohol than 
if it be allowed to get old.t What remains after this distilla- 
tion is distinguished in France by the name of vinasse. It 
consists of tartar, Xc.and when evaporated to dryness, and 
subjected to combustion, yields potash. 

vapaghed 3, Extractive maiter.—TVhis matter exists in all wines: but 
its proportion diminishes according to the age of the wine, as _ 
it gradually precipitates to the bottom. 

Oil, 4. Every wine is distinguished by a peculiar flavour and’ 
odour, which pr obably depends upon the presence of a vola- 
tile oil, so small in quantity that it cannot be separated. 

And colow- 5. The colouring matter of wine is originally contained in 

msm the husk of the grape, and is not dissolved till the aleohol-be_ 
developed. T his matter is analogous to the other colouring | 
matters of plants: a set of bodies possessed of remarkable ~ 
properties, but too little examined hitherto to be introduced 
with much advantage into a System of Chemistry. This 
colouring matter precipitates when the wine is exposed to the 
heat of the sun. -It sometimes also precipitates in old wine, 


* Phil. Trans, 1811, p. 337; and 1818, p. 82. 
Ann. de Chim, Ixxxvi, 175. ‘$ Jour. de Phys, xxix. 6. 
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and it may be easily separated by pouring lime-water into chap... 


_wine.* : ! 
From the experiments of Vogel it appears that the colour- 
ing matter of red wine is precipitated greenish-grey by acetate 
of lead. By this property we can distinguish whether a red 
wine be genuine or factitious.+ 

The following table, containing the different substances which 
Neumann extracted from various wines, is worth preserving.t 


nquare ot | HD reife | apes et (SUMM AM0 | Water, 
oz dre “gr. } oz dr. gt.} oz ar. gre | Ib oz dr. ge 

Aland....../1 6 00/3 2 00/1-5 0012 5.3 00 
Alicant.....:3 6 0016 0 20/0.1.40/2 2.6 00 
Burgundy ..\2 2 00}0 4 00/0 1 4012 9 0 20 
Carcassone..'2 6 O001|0 4 10;0 1 20!2 8 4& 30 
Champagne .}2 5 20/0 6 40;0 1 00);2 8 3 00 
French 3 0 00/0 6'491/0 1 O00}2 8 O 20 
Frontignac’.}3 0 00;3 4 00/0 5 20124 6 380 
Vinde Gravel2 0 00/0 6 00/0 2-°00\2 9 0 00 
Hermitage..\2 7 00;1 2 00}0 1 4012 7 5 20 
Madeira..../2 3 00/3 2 O0}2 0 00;2 4&4 3 OO 
Malmsey...|4 0 00/4 3 0012 3 00/2 1 2 00 
Vino de 

Monte , 2 6 00/0 3 00/0 2 40/2 8 0 20 
Pulciano 
Moselle ....)2 2 00/0 4 20/0 1 30°12 9 O 10 
Muscadine..}3 0 O0O;2 4 OO|1 0 00;2 5 4 OO 
Nenufschatel .|3 2 00)/4 0 OO|1 7 OO}2 2 7 OO 
Palm Sec. ..12 2 00/2 4 00/4 4 0012 2 5 00 
jontac ....:2 0° 00}0..5 2010.2 .00),2 9, 0,.40 
Old Rhenishi2 0 00/1 0 OO|}0 2 20'2 8 5 40 
Bee e200), 0) Se ZOU Od Bb Ze (Gok | O8 
Salamanca..|3 0 00/3 4 OO0|}2 O O00|2 3 4 OO 
merry. ...../5° 0 -00/6° 0 0012" 2° 00;2" 6" 6°: 00 
Spanish ....;51 2 00/2 4 00/9 4 00/110 6 00 
Vino Tinto ..3 0 00'6 4 OO|1 6 O00;2 O 6 00 
Tokay...../2 2 00/4 3 00|}5 0 00;2 0 3. 00 
Byrol red é 1 4 00/1 2 00/0 4 0012 8 6 00 

wine... 
Red wine...'1 6 00|0. 4 40/0 2 2012 9 $3 20 
munite. .....2 °2,-00\.0 00/0 3 00!|\2 7 O OO 


_ * The most precise account of wine and of the vinous fermentation, hi- 
therto published, is by Chaptal, and is contained in the 36th and 37th vo- 
lumes of the Ann, de Chim. 

t Annals of Philosophy, xiii, 70, + Neumann’s Chemistry, p, 447. 
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DECOMPOSITION OF VEGETABLE tSUBSTANCES. 


To this head belong not only common wine, but all the in- 
“~-——’ toxicating liquors made from vegetable juices; as cyder from 
apples, perry from pears, currant wine, &c. likewise the liquor 
made from the juice of the sugar cane, the sugar maple, &c. _ 

I shall here subjoin a table of the quantity of alcohol by 
measure of the specific gravity 0°825 which different wines 


yielded to Mr. Brande in his different experiments. 


The re- 


sults of these trials are the more valuables because the wines 


examined were all genuine.* 


Alcohol per cent, 


by measure. 
LASSE ocleaie Males mee Ze U 
DAO one 24°00 
POU faa ees eldh eee OLD 


BDittoo. 20. Bas hes SBS 
BIRLO’, o:5's o Vid eels Ae « 23°39 
PTULO foc Ses Calis Utes TE 
LOS. ic ones varies ae cae 
MALLU icles iiehenes vada: 25°83 
TOO Ge FeV Beldiee 6 de. te te 
Dittoze cL. Bea OT Fa 9a 
Madeira’. Ad 2 8 eA t. 193 
Dtor Foe ces vee LO 
PHOT te ho eeeces oe aD 
Ditey cose: ah rer 2 
SHETiy whee eles «ote e (0 Oa 
DEO RS oie be dein LOMO 
DOT. ves) See te 298 
Btoe Cea 3s ANSE 
@larel of... SEs wie 12°9] 
TONLE atch Go nt APprpabisy 3 ¢ 5: 
BEG pea gel eles bhi Rod ps 16‘32 
Caleavella . e024. « 18:10 
Lisbon voi. Pak .. 18°94 
Malaga O. 250g), 2/04, . 1726 
Ditto, kept since 1666. 18°00 
Bueellas o. 02s ye. de 18°49 
Red Madeira....... . 18°40 
Malmsey Madeira.... 16°40 
Marsala’ sce. : Ry pees Ri 25°87 
BPs ti eee ee 


* Phil. Trans, 1811, p. 345; 1813, p. 87. 


stitution, 1. 136. 


Alcohol per cent, 
by measure. 


Marsala.sss 6 ie yess 3 SO 
Ditto . 
Red Champagne .... 11°30 
White Champagne... 12°80 


Burgundy ......+6+.. 14°53 
DIG. oe. alee ene oe 
White Hermitage .... 17°43 
Red Hermitage...... 12°32" 
ELock) ii, « ¢'> és aweitelese ee 
DDMLOWE, «5. Bess ee 8°88 
Vin de Grave........ 19°80 
Frontignac........ «12g 
Cotten Tot’ isis apes . 123m 
Rousillon >..... : 7°26 
Cape Madeira ...... 18211 
Cape Muschat ..... . 18°25) 
Constantiay. -o:), <wnees 19°75 
bent Oa, Aer pa fh , 13°30 | 
shéergug 2h. ete .. 155m 
Syracuse..... hee ee 15°28, 
Nice ca, cas Pane eves 1£6Qm 
Wh OR GV ys us, oia'F air a'e hs otk oat 
Raisin Wine ........ 25°77 
Grape Wine ........ 1811 
Currant Wine ...... 20°55 
Gooseberry Wine .... 11°84 
Elder Wine ......3: °° 9°3% 
LVCOL 0 vere tues : 9°38 im 
PClEY ve Sens ena sie 9°87 


Journal of the Royal In- 


-ACETOUS FERMENTATION. 


SECT. I. 
OF THE ACETOUS FERMENTATION. 


Ir wine or beer be kept in a temperature between 70° and 
90°, it gradually becomes thick, its temperature augments, 
filaments are seen moving through it in every direction, and 
akind of hissing noise may be distinguished. These intes- 
tine motions gradually disappear, the filaments attach them- 
‘selves to the sides and bottom of the vessel, and the liquor 
‘becomes transparent. But it has now lost its former pro- 
‘perties, and is converted into acetous acid. This intestine 
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Wine fer- 
ments and 
becomes 
sour, 


decomposition has been long distinguished by the name of | 


acetous fermentation, because its product is acetic acid. That 
‘this fermentation may take place, certain conditions must be 
attended to. ‘The most important of these will appear from 
the following observations: 

1. Neither pure alcohol, nor alcohol diluted with water, is 
susceptible of this change. The weaker the wine or the beer 
is on which the experiment is made, the more readily it is 
converted into vinegar: the stronger they are they resist the 
change with the greater obstinacy. But it results from the 
experiments of Beecher, that strong wines, when they are 
made to undergo the acetous fermentation, yield a much bet- 
ter and stronger vinegar than weak wines. Hence it follows 
ithat alcohol, though of itself it refuses to undergo the change, 
yet when other bodies are present which readily ferment, is 
decomposed during the process, and contributes to the for- 
mation of the acetic acid. 

2. Wine, entirely deprived of glutinous matter, either by 
spontaneous deposition or by clarification, does not undergo 
the acetous fermentation, unless some mucilaginous matter 
be mixed with it. Chaptal exposed old wine destitute of this 
‘matter, in open bottles, to the greatest summer heat of Mont- 
pelier for 40 days, and yet it did not become sour: but upon 
adding some vine leaves to the same wine, it became’ acid in 
a few days.* When the water in which gluten of wheat has 
been allowed to ferment is mixed with sugar, the liquid is 
converted into vinegar without fermentation, without effer- 


* Ann. de Chim. xxxvi. 245. 
VOL. IV. 2.0 


Alcohol not 
susceptible 
of this 
change. 


Glutinous 
matter ne- 
cessary. 
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Book IV. vescence, and without the contact of air.* The nature of this 


Carbonic 
acid formed, 


A certain 
temperature 
required. 


Effects of 
the fermen- 
tation. 


curious change has not been explained. 

3. Wine never becomes sour, provided it be completely de- 
prived of all access to atmospheric air. The reason is, that 
during the acetous fermentation the oxygen of the atmosphere 
is partly converted into carbonic acid. It was supposed to 
have been absorbed; but the late experiments of Saussure 
have shown that this is not the case. He found, that when 
wine was converted into vinegar in a given portion of air, the 
bulk was not diminished; the quantity of carbonic acid just 
compensating the oxygen which had disappeared, excepting 
in as far as that carbonic acid was absorbed by the liquid. 
The quantity of carbonic acid formed during this conversion 
of wine into vinegar does not seem to be great; amounting, 


in Saussure’s trials, to about twice the bulk of the wine.> 


Hence the reason that wine or beer is apt to become sour 
after the cork has been drawn, and still more apt when part 
has been poured out of the bottle. 

4. A pretty high temperature is necessary for the com- 
mencement of the acetous fermentation. Wine or beer (un- 
less very weak) scarcely becomes sour under the temperature 
of 65° or 70°. The fermentation is very apt to commence 


when the temperature suddenly rises. It is said, too, that 


wine and beer are more apt to become sour at certain seasons 
of the year than at others. | 


The vinegar makers in this country keep their wash in 


stoves, heated to about the temperature of 80°, till the chafige 
is completed. From the experiments of Fourcroy and Vau- 
quelin, it appears that vinegar made from grain holds in so- 
lution a quantity of gluten, and that a great part of it is se- 


parated by heating the vinegar boiling hot. This separation 


prevents the vinegar from being so apt to spoil. 
5. When the acetous fermentation is completed, the whole 


of the malic acid originally contained in the wine has disaps | 


peared as well as the alcohol. We must conclude, therefore, 
that they have been both converted into acetic acid. Part of the 
glutinous matter has also undergone the same change, and 
seems indeed to have been the substance that first began the 
change. Part of it is deposited in the state of flakes; part 


* Fourcroy and Vauquelin, Ann. de Mus. d’Hist. Nat. vii. 4. 
+ Recherches Chimique sur la Vegetation, p. 144, 
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Cas s é . é ; “42 ° e 7 eis 
semains in solution, and disposes the vinegar to decomposition. Chap. tv. 


Vinegar also contains a little tartar, and probably also citric 
acid. Malic acid is also found in new vinegar; a proof that 
this part of the wine is the last to undergo the acetous fer- 
mentation. 

6. From the experiments of Cadet it appears, that sugar is 
the essential constituent in liquors to be converted into vine- 
gar, and that the quantity of vinegar formed is proportional 
to the sugar. But if the sugar exceed an eighth part of the 

liquid, the whole is not decomposed. Seven water, one sugar, 
and some yeast, ferment in a proper temperature, and form 
an excellent vinegar. * 


7. Acetic acid is formed in many other eases of the decom- acetic’ acia 


position of vegetables besides the acetous fermentation. These 


and Fourcroy. They may be reduced under three heads. 
First, when sugar, gum, wood, &e. are distilled in a retort, 
or even burnt in the open fire, acetic acid separates in combi- 
nation with an empyreumatic oil, which gives it a peculiar 
odour. Hence it was mistaken for other acids, and distin- 
guished by the names of pyromucous, pyrolignous, acids, tilt 
its real nature was ascertained by these distinguished chemists. 
Secondly, when concentrated sulphuric acid is poured upon 
the same vegetable bodies, they are decomposed in a very 
different manner; being converted into water, charcoal, and 
acetic acid. ‘Thirdly, acetic acid is evolved in considerable 
quantity during the spontaneous decomposition of urine and 
some other animal substances. Thus it appears that the com- 
ponent parts of acetic acid are extremely apt to combine to- 
gether in those proportions which constitute that important 
acid. 


SECT. III. 


OF PUTREFACTION. 


formed by 
ether proe 


have been pointed out with much ingenuity by Vauquelin <=«- 


Aut vegetable substances, both complete plants and their Nature of 


are gradually decomposed and destroyed, provided moisture 
be present, and the temperature be not much under 45°, nor 
too high to evaporate suddenly all the moisture. This decom- 
position has obtained the name of putrefaction. 


* Ann, de Chim. Ixii, 248. | Thid. xxxv. 83. 
2c\2 


component parts separately, when left entirely to themselves, Ph?" 
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It proceeds with most rapidity in the open air; but the 


“—~-—’ contact of air is not absolutely necessary. Water is in all 


cases essential to the process, and therefore is most probably 
decomposed. 

Putrefaction is constantly attended with a fetid odour, owing 
to the emission of certain gaseous matters, which differ accord- 
ing to the putrefying substance. Some vegetable substances, 
as gluten and cruciform plants, emit ammonia; others, as 
onions, seem to emit phosphuretted hydrogen gas. Carbonic 
acid gas and hydrogen gas, impregnated with unknown vege- 
table matters, are almost constantly emitted in abundance. 
From the experiments of Saussure, we learn, that when moist 
wood is left exposed to the air, a portion of the oxygen of the 
atmosphere is converted into carbonic acid; for the quantity 
of this acid formed is just equal to the bulk of the oxygen 
which disappears. When the experiment is made under re- 
ceivers, no other gas can be detected: except carbonic acid ; 
but in the open air the wood loses a much greater proportion 
of its weight than can be accounted for by the carbon thus ab- 
stracted. This he ascribes to the escape of oxygen and hy- 
drogen under the form of water. Hence the quantity of car- 
bon in a given weight of rotten wood is greater than in the 
same asin of fresh; but when the putrefaction goes on in 


water viene the contact of air, the wood becomes white and — 
light, and contains a smaller proportion of -carbon than when 


fresh.* The nature and constituents of vegetable mould, as 
far as known, have been detailed in the phécodinig Chantal 
Our chemical knowledge of vegetable compounds is still by 


far too limited to enable us to follow this very complicated 


process of putrefaction with any chance of success. 


* Recherches Chimique sur la Vegetation. 
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OF ANIMALS. 


WHuEN we compare animals and vegetables together, each _ Book v. 
in their most perfect state, nothing can be easier than to dis- —~—7 
tinguish them. The plant is Rougned to a particular spot, and tate 
exhibits no mark of consciousness or intelligence; the ani- 
mal, on the contrary, can remove at pleadsinés from one place 
to another, is possessed of consciousness, and a high degree of 
intelligence. But on approaching the contiguous extremities 
of the animal and vegetable kingdom, these striking differ- 
ences gradually disappear, the objects acquire a greater degree 
of resemblance, and at last approach each other so nearly, that 
it is scarcely possible to decide whether some of those species 
which are situated on the very boundary belong to the animal 
or vegetable kingdom. | 

To draw a line of distinction, then, between animals and Not easily 
vegetables, would be a very difficult task: but it is not neces- Ste" 
sary at present to attempt it; for almost the only animals 
whose bodies have-been hitherto examined with any degree of 
chemical accuracy, belong to the most perfect classes, and con- 


sequently are in no danger of being confounded with plants. 
Indeed, the greater number of facts which I have to relate ap- 
ply only to the human body, and to those of a few domestic 


animals. ‘he task of analysing all animal bodies is immense, 


and must be the work of ages of indefatigable industry. 


This part of the subject naturally divides itself into four 
Chapters. In the First Chapter, I shall give an account of 


the different ingredients hitherto found in animals, such of 
them at least as have been examined with any degree of accu- 
racy: in the second, IJ shall treat of the different members of 


which animal bodies are composed; which must consist each 
of various combinations of the ingredients described in the 
first Chapter: in the third, I shall treat of those animal func- 
tions which may be elucidated by chemistry: and, in the 
fourth, of the changes which animal bodies undergo after 
death. 
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CHAP. I. 
OF ANIMAL SUBSTANCES. 


Tue substances which have been hitherto detected in the 
animal kingdom, and of which the different parts of animals, 
as far as these parts have been analysed, are found to be com- 
posed, may be arranged under the following heads: 


1. Gelatin. 10. Cantharidin. 

2. Albumen. | 11, Cochenelin, 

3. Fibrin. 12. Oils. 

4, Colouring matter of 13. Resins. 
blood. 14. Sulphur. 

5. Mucus. 15. Phosphorus. 

6. Osmazome. 16. Acids. 

7, Picromel. . 17. Alkalies. 

8. Urea or nephrin. 18. Earths. 

9. Sugar. 19. Metals, 


These substances shall form the subject of the following sec- 
tions. | 


SECT. 1. 
OF GELATIN, 


1. If a piece of the fresh skin of an animal, an ox, for in- 
stance, after the hair and every impurity is carefully separated, 
be washed repeatedly in cold water till the liquid ceases to be 
coloured, or to abstract any thing; if the skin, thus purified, 
be put into a quantity of pure water, and boiled for some 
time, part of it will be dissolved. Let the decoction be slowly 
evaporated till it is reduced to a small quantity, and then put 


aside to cool. When cold, it will be found to have assumed a — 


solid form, and to resemble precisely that tremulous substance 


well known to every body under the name of jelly. This is | 


the substance called in chemistry gelatin. If the evaporation 
be still farther continued, by exposing the jelly to dry air, it 
becomes hard, semitransparent, breaks with a glassy fracture, 
and is in short the substance so much employed in the differ- 
ent arts under the name of glue. Gelatin, then, is precisely 


— 


; 


cela a 


the same with glue; only that it must be supposed always free | 


from those impurities with which glue is so often contaminated, — 


2, Gelatin is semitransparent and colourless when pure. Its 
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consistency and hardness vary considerably. The best kinds  Chap.t. 
are very hard, brittle, and break with a glassy fracture. Its 
_ taste is insipid, and it has no smell. 


When thrown into water it swells very much, but ddd not 


readily dissolve: and when taken out, it is soft and gelatinous; 
but when allowed to dry, it recovers its former appearance. 


If it be put in this gelatinous state into warm water, it very 


soon dissolves, and forms a solution of an opal colour, and the 
more opaque according to the quantity of gelatin which it con- 


tains. ‘Tremulous gelatin dissolves in a very small portion of 
hot water; but as the solution cools, it gelatinizes afresh. If 
this solution, as soon as it assumes the tremulous form, be 
mixed with cold water and shaken, a ‘complete solution takes 
place. 

From the experiments of Dr. Bostock, we learn that when 
one part of isinglass (which is nearly pure gelatin) is dissolved 
in 100 parts of hot water, the solution on cooling i is wholly 
converted into a jelly. But one part of isinglass, in 150 parts 
of water, does not become concrete; though the solution is to 
a certain degree gelatinous.* 

Dry gelatin undergoes no change when kept; but in the 
gelatinous state, or when dissolved in water, it very soon pu- 
trefies ; an acid makes its appearance in the first place (proba- 
bly he acetic, ) a fetid odour is exhaled, and afterwards ammo- 
nia is formed. 

When dry gelatin is exposed to heat, it whitens, curls up 
like horn, then blackens, and gradually consumes to a coal; 
but tremulous gelatin first melts, assuming a black colour. 
When distilled, it yields, like most animal substances, a 
watery liquid impregnated with ammonia, and a fetid empy- 
reumatic oil; leaving a bulky charcoal of difficult incineration. 
It is by no means a very combustible substance. 


3. Acids dissolve gelatin with facility, even when diluted, action of 


especially when assisted by heat ; but we are still ignorant of **“* 


the changes produced upon it by these agents except by nitric 
acid. When this acid is digested on it, a small quantity of 
azotic gas is disengaged, then abundance of nitrous gas; the 
gelatin is dissolved, except an oily matter which appears on 
the surface, and converted partly into oxalic and malic acids.+ 

Muriatic acid dissolves glue with great ease, ‘The solution 


* Nicholson’s Jour, xi, 250. 
+ Scheele, Crell’s Annals, ii, 17. Eng. Trans. 
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is of a brown colour, and still continues strongly acid. It gra- | 
ter, coms dually lets fall a white powder. This solution precipitates tan. _ 
in great abundance from water; and may be employed with 


advantage to detect tan when an alkali conceals it. Sulphuric 


acid acts much more slowly. ‘The solution is brown, and gra- 
dually deepens; sulphurous acid is exhaled during the action 


of sulphuric acid on glue. Neither sulphuric nor muriatic acid 
occasion any change in the solution of glue in water. 


When a current of chlorine gas is passed through a solu- — 
tion of gelatin in water, a white solid matter collects on the 
surface, and whitish filaments swim through the liquid. This — 


solid matter, when separated by the filter and purified, pos- 


sesses the following properties: its colour is white; it is spe-_ 


cifically lighter than water; it has little or no taste; when 
dried in the open air it falls to powder; it is not soluble in 
boiling water; it dissolves in hot nitric and acetic acids, but 
precipitates again as the solution cools; when triturated with 
potash it emits the smell of ammonia; it does not affect ve- 


getable blues.* Bouillon La Grange, to whom we are in- 
debted for these facts, has given the gelatin thus altered the 


name of oxygenized gelatin. 

Alkalies dissolve gelatin with facility, epebially when as- 
sisted by heat; but the solution does not possess the proper- 
ties of soap. 


None of the earths seem to combine with gelatin; at least 


they do not precipitate it from its solution in water. The 


following table exhibits the effect of different earthy soluticns | 
when mixed with a pretty concentrated solution of common 


glue: 

Substances. Effects. 
Lime water ovo ve ce cee. NO Change. 
Strontian water........... No change. 


Became milky. Precipit. not 
Barytes water, ojs/se.2 sje sis A dissolved by acetic acid, 


Muriate of barytes ........ The same as the last. 
Silicated potash .......... No change. 
Aluminated potash ........ No change. 

Oxalate of ammonia ...... Became milky. 


Phosphate of soda ........ Became slightly milky. 


The milkiness produced by some of these reagents was 


* Bouillon La Grange, Nicholson’s Jour. xiii. 209. 


GELATIN. 393 


not owing to their effect upon the gelatin, but upon the lime chap. r. 
and the sulphuric acid which is contained. 

The metals in their pure state have no effect upon gelatin; Of the me- 
but several of the metallic oxides, when agitated in a solution aes ey 
of gelatin, have the property of depriving the water of the 
greatest part of that body, with which they form an insoluble 
compound. Several of the metallic salts likewise precipitate 
gelatin from water. The following table exhibits the result 
of mixing various metallic salts with a concentrated solution 


of gelatin, as far as my experiments have gone: 


Metallic solutions. Effects. 


p A copious yellowish-white pre- 
Nitromuriate of gold ...... cipitate. Soluble by adding 


water. 
Nitrate of silver .......... Becomes slightly milky. 


A very copious curdy precipi- 
tate. 

Corrosive sublimate* ...... A copious white precipitate. 
Superpersulph. of mercury... No change. 

Crystals become yellow, white 
Dry persulph. of mercury . 4 flakes appear, and the liquid 

becomes transparent. 

Prussiate of mercury ...... No change. 


Nitrate of mercury ........ 


Pernitrate of copper....... No change. 

Muriate of copper ........ Becomes milky. 
Persulphate of copper...... No change. 

Cuprate of ammonia ...... No change. 

Sulphate of iron} ......... A few yellow flakes appear. 


-Persulphate of iront.....+. Sai alceubhctaaaich We ,aswhen 


-Pernitrate of iron......... Assumes a pink colour. 
Permuriate of iron ........ Becomes green. 


Nitromuriate of tin§ ...... No change. 
Permuriate of tin ......... Becomes slowly milky. 


* Dr. Bostock, in his excellent paper on animal fluids, informs us, that 
a solution of one part of isinglass in 100 parts of water is not affected by 
corrosive sublimate. The result of my experiments with common glue was 
different; probably owing to the impurity of that substance. 

+ Partly in the state of persulphate. } Dissolved in alcohol, 

§ With excess of acid. : 
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V—’ Nitrate of lead... ccc ccseess | 
Acetate of lead...iis.< sje.0i0 0 ai4 : 
Plumbate of potash.......- No ehapge: | 
Plumbate of lime .......-+/J 


Muriate of zinc .......... No change. 


Muriate of antimony ...... A copious flaky precipitate. 
‘Tartar emetic ...........- No change. 


Nitrate of bismuth precipit-" ‘ 
able by ‘watersis)) eeu. "| Becomes milky 


Ditto, not precipitable °Y 8 No change 


water eeeoeoeoesevpeoeeveeeeee eo @ 


Muriate of arsenic ........ No change. 


ofaiconr, Gelatin is insoluble in alcohol. When alcohol is mixed 
with a solution of gelatin, the mixture becomes milky; but 
becomes again transparent when agitated, unless the solution 
be concentrated, and the quantity of alcohol considerable. 
Gelatin is most probably equally insoluble in ether; though I 
believe the experiment has not been tried. 

Oftamin. | When the solution of tannin is dropped into gelatin, a co- 
pious white precipitate appears, which soon forms an elastic 
adhesive mass, not unlike vegetable gluten. ‘This precipitate 
is composed of gelatin and tannin; it soon dries in the open 
air, and forms a brittle resinous-like substance, insoluble in 
water, capable of resisting the greater number of chemical 
agents, and not susceptible of putrefaction. It resembles 
exactly overtanned leather. The precipitate is soluble in the 
solution of gelatin, as Davy first observed. Neither is the 
whole tan thrown down, unless the solutions both of tannin 
and gelatin be somewhat concentrated. ‘Tremulous gelatin, 
as was first observed by the same chemist, does not precipitate ; 
tannin; but if we employ a solution of gelatin so strong that 
it gelatinizes when cold, and heat it till it becomes quite 
liquid, it answers best of all for throwing down tannin. It is 
by this property of forming a white precipitate with tannin 
that gelatin is usually detected in animal fluids, It is not, 
however, a perfectly decisive test, as albumen is also thrown 
down by tannin. Dr. Bostock has pointed out a very ingeni- 
ous method of detecting and ascertaining the quantity of gela- ~ 
tin contained in an animal fluid. If corrosive sublimate pro- 
duce no precipitate, we may be certain of the absence of albu- 


pI ae ae 
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men. ‘Then the infusion of galls being mixed with the liquid, chap... 


in such a proportion that the filtered liquid will neither pre- 
cipitate infusion of galls, or the animal liquid under examina- 
tion, a precipitate falls, composed of about two parts tannin 
and three parts gelatin. Hence this precipitate, dried on a 
steam bath, and multiplied by 0-6, gives us the weight of ge- 
Jatin in the liquid examined very nearly. * 

Gelatin does not, properly speaking, combine with oils, 
but it renders them miscible with water, and forms a kind of 
emulsion. : 


4. From the effects of different reagents on gelatin, and Composi- 


from the decomposition which it undergoes when heated, we 
see that it contains carbon, hydrogen, azote, and oxygen. It 
was subjected to an analysis by Gay-Lussac and Thenard, 
who burnt it, when mixed, with chlorate of potash, and ascer- 
tained the products. According to their experinients, its con- 
stituents are as follows: 


Carbon wi. i05. 5) 47881 
Oxy pens nips siete si 2T'207 
Elydrogen (0/25 ./°7°914 
Azole, PN. KUN SiG 16998 


100°000+ 


Not being possessed of any definite compound of gelatin and 
any other substance with the weight of which we are already 
acquainted, it is not in our power, from this analysis, to deter- 
mine the constitution of gelatin. But the smallest number of 
atoms which correspond nearly with the preceding numbers, 
is the following: 


15 atoms carbon .... = 11°95 ........ 50°00 
6 atoms oxygen.... = 6°00 ........ 26°67 
14 atoms hydrogen... = 1°75 .....--. 7°78 
2 atoms azote’, .... 2 3°50" i. .40'. FSGS 


22°50 100°00 


* Bostock, Nicholson’s Jour. xiv. 144. From the later experiments of 
Dr. Bostock, it appears that the compound of tannin and gelatin differs in 
the proportion of its constituents according to circumstances. It does not, 
therefore, furnish us with a method of detecting the quantity of gelatin in 
solution. Nicholson’s Jour. xxi. 1. 

+ Recherches Physico-chimiques. il. 336. 
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5. Gelatin, like all other constituents of animal bodies, is | 
susceptible of numerous shades of variations in its properties, | 
and of course is divisible into an indefinite number of species. 
Several of these have been long known and manufactured for | 
different purposes: and many curious varieties have been | 
pointed out by Hatchett in his Dissertations on Shell, Bone, 
and Zoophytes, published in the Philosophical Transactions 
for 1797 and 1800. The most important species are the fol- 
lowing: 4 

(1.) Glue. This well known substance has been long ma- | 
nufactured in most countries, and employed to cement pieces 
of wood together. It is extracted by water from animal sub- 
stances, and differs in its qualities according to the substances 
employed. Bones, muscles, tendons, ligaments, membranes, 
and skins, all yield it; but the quality is best when skins are 


' employed; and those of old animals yield a much stronger 


glue than those of young animals. English glue is considered — 
as the best, owing to the care with which it is made. The 
parings of hides, pelts from furriers, the hoofs and ears of 
horses, oxen, calves, sheep, &c. are the substances from which 


it is extracted in Britain, and quantities of these substances 


are imported for the purpose. ‘They are first digested in 
lime-water to clean them, then steeped in clean water, laid in 
a heap till the water runs off, and then boiled in brass cal- 
drons with pure water. ‘The impurities are skimmed off as 
they rise; and when the whole is dissolved, a little alum or 
finely powdered lime is thrown in. ‘The skimming having — 
been continued for some time, the whole is strained through 
baskets, and allowed to settle. The clear liquid is gently 
poured back into the kettle, boiled a second time, and skim- 
med till it is reduced to the proper consistency. It is then! 
poured into large frames, where it concretes on cooling into a 
jelly. It is cut by a spade into square cakes, which are again | 
cut by means of a wire into thin slices; these slices are put 
into a kind of coarse net work, and dried in the open air. * 
The best glue is extremely hard and brittle; it has a dark — 
brown colour, and an equal degree of transparency without 
black spots. When put into cold water, it swells very much, 
and becomes gelatinous, but does not dissolve. When glue 
is soluble in cold water, it is a proof that it wants strength. 
Dry glue, according to Dr. Bostock, contains 104 per cent. of 
| 
* Clennel. See Johnson’s History of Animal Chemistry, i. 315. 
6 
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-water. He thinks also that it contains albumen. But from. chap. 1. 
_ the method of preparing it this can hardly* be supposed.* meaamact 
(2.) Size. ‘This substance differs from glue in being colour- size. 
‘less and more transparent. It is manufactured in the same 
way, but with more care; eel skins, vellum, parchment, some 
: kinds of white leather, and the skins of horses, cats, rabbits, 
are the substances from which it is procured. It is commonly 
inferior to glue in strength. It is employed by paper-makers 
to give strength to thes article, and likewise by linen manu- 
- facturers, pideeet polishers, painters, &c.+ 
_ (3.) Isinglass. ‘This substance agrees with size in being tsingtace. 
transparent, but it is much finer, and is therefore sometimes 
employed as an article of food. It is prepared in Russia from 
the air-bladders and sounds of different kinds of fish which 
occur in the mouths of large rivers; chiefly different species 
of accipenser, as the sturio eens huso ruthenus, and like- 
wise the siluris glanis. ‘The bladder is taken from the fish, 
clean washed, the exterior membrane separated, cut length- 
‘wise and formed into rolls, and then dried in the open air. 
When good, isinglass is of a white colour, semitransparent, 
and dry. It dissolves in water with more difficulty than glue, 
probably because it is not formed originally by solution. 
From the analysis of isinglass by Hatchett, we learn that it is 
almost completely cater into gelatin by solution and 
boiling. Five hundred grains of it left by incineration 1°5 
grains Wi phosphate of soda, mixed with a little phosphate of 
lime. 

A coarse kind of isinglass is prepared from sea wolves, por- 
poises, sharks, cuttle fish, whales, and all fish without scales. 
The head, tail, fins, &c. of these are boiled in water, the liquid 
‘skimmed and filtered, and then concentrated by evaporation 
till it-gelatinizes on cooling. At that degree of concentration 
it is cast.on flat slabs and cut into tablets. ‘This species is 
used for clarifying, stiffening silk, making sticking-plaster, and 
other purposes.t 

6. Gelatin exists in great abundance in animals, forming a Substances 
constituent part of their solid parts. It forms an TL Me oe 
part of bones, ligaments, tendons, membranes, skin, muscles, 
hair, &c. 


* Nicholson’s Jour. xxiv. 7. 
. + Clennel. See Johnson’s History of Animal Chemistry, 1. 315. 
+ Fabricius de Ichthyocolla, Jackson en British Isinglass, Phil. Trans. 
Ixili. and Johnson’s Animal Chemistry, 1. 231. 
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7. Its uses are very numerous. In the state of jelly it con- 
stitutes one of the most nourishing and palatable species of 
food. It constitutes the basis of soups. The great variety of 
purposes to which it is applied in the state of glue, size, and 
isinglass, are well known. 


SECT. II. 


OF ALBUMEN. 


Tue eggs of fowls contain two very different substances: a 
yellow oily-like matter, called the yolk; and a colourless 
glossy viscid liquid, distinguished by the name of white. This 
last is the substance which chemists have agreed to denominate 
albumen.* 'The white of an egg, however, is not pure albu- 
men. It contains also some mucus, soda, and sulphur: but 
as albumen is never found perfectly pure, and as no method is 
known of separating it without at the same time altering the 
properties of the albumen, chemists are obliged to examine it 
while in combination with these bodies. 

Albumen dissolves readily in water, and the solution has 
the property of giving a green colour to vegetable blues, in 
consequence of the soda which it contains. When albumen 
is heated to the temperature of 165°,+ it coagulates into a 
white solid mass; the consistency of which, when other things 
are equal, depends, in some measure, on the time during 
which the heat was applied. The coagulated mass has pre- 
cisely the same weight that it had while fluid. This property 
of coagulating when heated is characteristic of albumen, and 
distinguishes it from other bodies. 

The taste of coagulated albumen is quite different from that 
of liquid albumen: its appearance, too, and its properties, aré 
entirely changed; for it is no longer soluble, as before, either 
in hot or in cold water. 

The coagulation of albumen takes place even though air be 
completely excluded; and even when air is present there is 
no absorption of it, nor does albumen in coagulating change 
its volume.{ Acids have the property of coagulating albu- 
men, as Scheele ascertained.§ Alcohol also produces, in 


* This is merely the Latin term for the white of an egg. It was first in- 
troduced into chemistry by the physiologists. 

+ Cullen. } Carradori, Ann, de Chim. xxix. 98. 

§ Scheele, it. 58. ) 
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some measure, the same effect. Heai, then, acids, and alcohol, chap. 1. 
are the agents which may be employed to coagulate albumen. 

It is remarkable, that if albumen be diluted with a suffi- 
cient quantity of water, it can no longer be coagulated by 
any of these agents. Scheele mixed the white of an egg with 
ten times its weight of water, and then, though he even boiled 
the liquid, no coagulum appeared. Acids, indeed, and alco- 
hol, even then coagulated it; but they also lose their power if 
the albumen be diluted with a much greater quantity of 
water, as has been ascertained by many experiments. Now, 
when water is poured into albumen, its integrant particles 
must be farther separated from each other, and their distance 
must increase with the quantity of water with which they are 
diluted. We see, therefore, that albumen ceases to coagulate 
whenever its particles are separated from each other beyond a 
certain distance. ‘That no other change is produced, appears 
evident from this circumstance, that whenever the watery so- 
lution of albumen is sufficiently concentrated by evaporation, 
‘coagulation takes place, upon the application of the proper 
agents, precisely as formerly. 
It does not appear that the distance of the particles of albu- 
men is changed by coagulation ; for coagulated albumen occu- 
pies precisely the same sensible space as liquid albumen.* 

Now, to what is the coagulation of albumen owing? We tnquiry into 
can conceive no change to take place from a state of liquidity 
to that of solidity, without some change in the figure of the 
particles of the body which has undergone that change. Now 
such a change may take place three ways: 1. The figure may 
be changed by the addition of some new molecules to each of 
the molecules of the body. 2. Some molecules may be ab- 
stracted from every integrant particle of the body. 3. Or the 
molecules, of which the integrant particles are composed, may 
enter into new combinations, and form new integrant par- 
ticles, whose form is different from that of the old integrant 
particles. Some one or other of these three things must take 
place during the coagulation of albumen. 

1. Scheele and Fourcroy have ascribed the coagulation of 
albumen to the first of these causes, namely, to the addition of — 
anew substance. According to Scheele, caloric is the sub- 
stance which is added. JT ourcroy, on the contrary, affirms 
that it is oxygen. 


* Carradori. 
g 
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Scheele supported his opinion with that wonderful i ingenuity 


AeNcato Which shone so eminently in every thing which he did. He 


caloric 5 


To oxygen. 


mixed together one part of white of egg and four parts of 
water, added a little pure alkali, and then dropped in as much 
muriatic acid as was sufficient to saturate the alkali. The al- 
bumen coagulated. But when he repeated the experiment, 
and used carbonate of alkali instead of pure alkali, no coagu- 
lation ensued. In the first case, says he, there was a double 
decomposition: the muriatic acid separated from a quantity 
of caloric with which it was combined, and united with the 
alkali; while, at the same instant, the caloric of the acid 
united with the albumen, and caused it to coagulate. The 
same combination could not take place when the alkaline car- 
bonate was used, because the carbonic acid gas carried off the 
caloric, for which it has a strong affinity.* 

Fourcroy observes, in support of his opinion, that the white 
of an egg is not at first capable of forming a hard coagulum, 
and that it only acquires that property by exposure to the at- 
mosphere. It is well known that the white of a new laid ege 
is milky after boiling; and that if the sheli be covered over 
with grease to exclude the external air, it continues long in 
that state; whereas the white of an old egg, which has not 
been preserved in that manner, forms a very hard tough co- 
agulum. These facts are undoubted; and they render it ex- 
adedingly probable, that albumen acquires the property of 
forming a hard coagulum only by absorbing oxygen : but they 
by no means prove ‘that coagulation itself is owing to such an 
absorption. And since coagulation takes place without the 
presence of air, and since no air, even when it is present, is 


absorbed, this opinion cannot be maintained without incon- | 


sistency. i 
2. The only substance which can be supposed to leave al-. 
bumen during coagulation, since it does not lose its weight, 


as caloric. We know that in most cases where a fluid is con-. 
verted into a solid, caloric is actually disengaged. It is ex- 
tremely probable, then, that the same disengagement takes 


place here. But the opinion has not been confirmed by any 
proof. lourcroy indeed says, that in an experiment made by 


him, the thermometer rose a great number of degrees. But as_ 
no other person has ever been able to observe any such thing, — 


it cannot be doubted that this philosopher has been misled by 
some circumstance or other to which he did not attend.+ 
* Scheele, ii. 58, + Thomson’s Fourcroy, iii. 271. . 
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_ 3. The coagulation of albumen resembles exactly what nap. 1 
takes place when concentrated silicated potash is exactly satu- —~—~ 


rated with muriatic acid. The mass slowly assumes an opal 
colour, and at last concretes into a solid gelatinous mass. 
Now this jelly consists of the particles of silica combined with 
each other, and with a certain portion of water. These par- 
ticles were formerly held in solution by the potash ; ; that is to 
‘say, the affinity of silica for potash was superior to the cohe- 
sive force which exists between the particles of silica. The 
muriatic acid, by saturating the potash, diminished the force 
of its affinity for the silica. ‘The cohesive force of the silica, 
now superior, causes it to combine in masses, consisting of a 
certain portion of silica and water. ‘These masses, equally 
diffused through the liquid, and at such small intervals as to 
cohere together, gives the whole a gelatinous form. .-Some- 
thing like this seems to take place with respect to the albumen. 
Its particles, combined with water and also with soda, are all 
kept at equal distances in the liquid; because this affinity just 
balances their cohesive force. But when heat is applied, this 
affinity is diminished by the additional elasticity, or tendency 
_ to separate, given to the water and the soda. The cohesion 
of the albumen, now superior, causes its particles to combine 
in sets, forming solid bodies, equally distant from each other, 
and cohering together. Hence the gelatinous form, and the 
solidity of the coagulum, always inversely proportional to the 
quantity of water present. ‘Thus it appears, that whatever 
_ diminishes the affinity between the water, and soda, and the 
albumen, occasions its coagulation, by allowing its cohesive 
force to act. 

Albumen, then, is capable of existing in two states; the one 
before it has been coagulated, and the other after it has under- 
gone coagulation. Its properties are very. different in each. 
It will be proper therefore to consider them separ ately. 


J. Albumen in its natural state, or uncoagulated, is a glary Bowen. 
ated albue 


liquid, having little taste and no smell. When dried sponta- 
neously, or in a low heat, it becomes a brittle transparent 
glassy-like substance; which, when spread thin upon surfaces, 
forms a varnish, and is accordingy employed by bookbinders 
for that purpose. When thus dried it has a considerable re- 
semblance to gum arabic, to which also its taste is similar. 
The white of an egg loses about +ths of its weight in drying. 
It is still soluble in water, and forms the same glary liquid as 
before. : 
im VOL. iv. | 2D < 
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From the experiments of Dr. Bostock, it appears, that when 
one part of this dry albumen is dissolved in nine parts of water, 
the solution becomes perfectly solid when coagulated by heat; 
but if the albumen amounts only to ~;th of the liquid, chen 
though coagulation takes place, the: ftauid does not become ~ 
perfectly solid, but may be poured from one vessel to another.* 

When one grain of albumen is dissolved in 1000 grains of 
water, the solution becomes cloudy when heated.+ 

Uncoagulated albumen soon putrefies unless it be dried; in 
which state it does not undergo any change. It putrefies more: 
readily when dissolved in a large quantity of water than when — 
concentrated. The smell of white of egg, allowed to run into 
putrefaction, resembles that of pus. 

It is insoluble in alcohol and ether, which immediately co-— 
agulate it, unless it be mixed with a very great proportion of 
water; in which case even acids have no effect. 

When acids are poured upon it, coagulation takes place 
equally; but several of them have the property of dissolving 
it again when assisted by heat. This at least is the case with 
sulphuric acid. ‘The solution is of a green colour, and does 
not soon blacken even when boiled. It is the case also with 
nitric acid, and probably also with muriatic acid. Nitric acid 
first disengages some azotic gas; then the albumen is gradu-_ 
ally dissolved, nitrous gas emitted, oxalic and malic acids 
formed, and a thick oily matter makes its appearance on the 
surtace.§ 

I tried the effect of different acids upon a solution consist- 
ing of the albumen of a common-sized hen’s-egg in about a 
pint of water, and filtered. ‘The results may be seen in the 
following table: 


Acids. . Effects. ; 

A white coagulum, which appears 
at the bottom first. 

Becomes at once very milky, 
flakes fall slowly. 


1. Sulphuric acid .. ie 
ir: A’ very copious precipitate of 
c 


2, Muriatic acid... 


yellow flakes soon falls to the 
bottom, and a slight efferves- 
cence is perceptible. 


3.»Nitric acid eooere ene 


* Nicholson’s Jour. xiv. 144. 

+ Bostock, Nicholson’s Jour. xi. 247. 

t Lbid. xiv. 143. 

4 Scheele, Crell’s Annals, 11.17, Eng. Trans. 
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Acids, Effects. 
ae ! Assumes a beautiful white colour, | Chap. I- 
Pe OLVING 6 Le eisle s { and fine white flakes slowly 
separate. 
No change.* Coagulates in 12 
| hours. 
_ 6. A weak fluoric acid.. No change. 
Bf. Acetic acid ... 44/60) No change. 
8. Distilled vinegar .... No change. 


,« 


_ 5. Sulphurous acid .... 


It may be proper to mention, that the solution was coagu- 
lated by alcohol but not by heat. 

When alkalies are mixed with the solution of albumen in of ataties 
water, no apparent change takes place; but if a concentrated “4° 
solution of pure potash be triturated with albumen for some 
time, and then allowed to remain at rest, the albumen gradu- 
ally coagulates or rather gelatinizes; for the coagulum has a 
striking resemblance to jelly. It gradually hardens; and at a 
particular period of its drying it resembles very exactly the 
lense of the eye. When quite dry it is brittle and transpa- 
rent. 

The effect of the different earthy bodies on the solutions of 
albumen in water may be seen from the following table. The 
solution consisted of one white of egg dissolved in about a 

‘pint of water, and filtered to separate the opaque white films 
which are always mixed in the white of egg. 


Substances. Effects. 

_ Barytes water)... swe +>+ No change. 
Strontian water............ No change. 
Lime water ,....-..-..... No change. 
Sulphate of magnesia ...... No change. 
US os iateias amiabae wie «iy 'e 3 NO: CHANGES 
Silicated potash............ No change. 
Aluminated potash ........ No change. 


Thus it appears that none of the earths form insoluble 
compounds with albumen: in this respect they resemble the 
alkalies. 

The case is very different with the metallic oxides. ‘The or metatiie 
following table exhibits the effects of the metallic salts on the pat 
same solution of albumen, as far as my experiments go. 


* The water was saturated with the acid. 


aes Ti 
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Metallic Salts. Effects. 

i Ges copious yellow flaky preci- 
Nitromuriate of gold. i pitate, redissolved by ammo- 
nia.* 

Muriate of platinum A yellowish-white precipitate. 
‘A copious reddish-brown preci- 


. Nitrate of silver ... { pitate, not redissolved by 


ammonia. 


. Nitrate of mercury .. A white precipitate. 

. Corrosive sublimate.. A light white precipitate. 
. Supersulph. of do. .. A white precipitate. 

. Prussiate of do. .... No change. 


A green coagulum, redissolved by — 
adding more of the copper, 


. Pernitrate of ied then dhe thikiite’? HésaHias 


{| opaque. 


. Muriate of copper .:: A copious white precipitate. 
. Persulphate of copper A greenish white precipitate. 


No change. Muriatic acid ren- 


. Cuprate of ammonia # ders the mixture colourless, 


but no precipitate falls. 
Sulphate of iron .... Brown flakes precipitate. 


. Persulphate of ditto in § A copious dirty white precipi-' 


alcohol te ie ks tate. 


. Permuriate of iron .. No change. 

. Pernitrate of iron ... No precipitate. Becomes green. 
. Permuriate of tin .. Becomes slowly milky. 

. Chlorate of lead *.... A copious white precipitate. 

. Acetate of lead...... The same. 

. Nitrate of lead...... The same. 


No change; but muriatic acid 


. Plumbate of potash . 4 throws down a copious white, 


precipitate. 


. Plumbate of lime.... No change. 


Muriate of zinc ..... Becomes slowly very milky. 


A white precipitate, which does — 


. Nitrate of bismuth . J es Chere aa 


less there be an excess of 
(acid. 


. Nitrate of antimony... A white precipitate. 
. Muriate of arsenic .. Becomes slowly milky. 
. Arseniate of potash .. No change. 


* The salt had a slight excess of acid. 


: Metallic Salts, ; Effects. - Chaper’ 
27. Arseniate of cobalt .. No change. ! 
28. Prussiate of potash .. No change, 


slight white precipitate ap- 


; A 
29. Oxalate of ammonia 55 pears after standing an hour. 


Thus we see that every metal tried, except ccbalt, occa- 
sioned a precipitate; but no precipitate ever appeared when 
the oxide was held in solution by an alkali or earth. The 
effect of the metallic salts on albumen forms a striking con-_ 
trast with their effect on gelatin. 

From the experiments of Dr. Bostock, it appears that a 
drop of the saturated solution of corrosive sublimate, let fall 
into water containing =,,th part of its weight of albumen, 
produces an evident Rene and a curdy precipitate falls.* 
It is therefore a very delicate test of the presence of albumen 
in animal fluids. Dr. Bostock has proposed the following in- 

_ genious method of estimating the quantity of albymen con- 

tained in an animal fluid: Add to the fluid a quantity of cor- 

rosive sublimate, more than sufficient to saturate the albumen, 
then heat the mixture. By this double action a coagulum is 
formed, which may be separated by the filter. ‘This precipi- 
tate, when dry, contains about 2ths of its weight of albumen.+ 

If a solution of tannin be poured into an aqueous solution ° t*- 
of uncoagulated albumen, it forms with it a very copious yel- 
low precipitate of the consistence of pitch, and insoluble in 
water. ‘This precipitate is a combination of tannin and albu- 
men. When dry it is brittle, like over-tanned leather, and 
is not susceptible of putrefaction.. This property, which~ 
albumen has of precipitating with tannin, was discovered by 

Seguin. | | 

The infusion of galls is by no means so delicate a test of 
the presence of albumen as of gelatin. When an infusion of 
galls containing 24 per cent. of solid matter, and water hold- 
ing +;55th of albumen i in solution, are mixed in equal quan- 
tities, no effect is produced at first, but after some time a pre- 
cipitating matter appears and slowly subsides. § 

_ IL. When albumen is coagulated either by heat, alcohol, Coagulatea 
or acids, it is an opaque PaGen ce of a pearl-white colour, ini 
tough, and of a sweetish mucilaginous taste. It is no longer 
soluble in water, and is not et so susceptible of decompo- 


* Nicholson’s Toure: Q47, + Ibid. xiv. 142, 
A TO eT es § Bostock, ibid, p. 141. 
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sition as uncoagulated albumen. Mr. Hatchett kept it for a 
month under water, and yet it did not become putrid. It is 
to the experiments of this ingenious chemist that we are in- 
debted for almost every thing at present known relative to 
coagulated albumen. By drying it in the temperature of 212°, 
he converted it into a brittle hard yellow substance, semi- 
transparent like horn.* 


When this substance was digested for some hours ne 
‘water, it gradually softened, and became white and opaque 


like newly coagulated albumen. When water is made to act 
upon it long, a small portion of it is taken up. The watery 
liquid is not precipitated by the infusion of tan; but nitro- 
muriate of tin occasions a faint cloud.+ 

According to Scheele, the mineral acids, when oreatly di- 
luted with water, dissolve a portion of coagulated albumen, 
which is thrown down again by the same bcidl concentrated.{ 

When coagulated albumen is steeped in diluted nitric acid, 


the acid in about four weeks begins to acquire a yellow tinge, 


which becomes gradually deeper; but the albumen, though it 
becomes more opaque, is not dissolved. The yellow acid, 


when saturated with ammonia, becomes of a deep orange — 
colour, but does not let fall any precipitate. When the albu« 


men, thus treated, is immersed in ammonia, the liquid as- 


sumes a deep orange colour, inclining to blood red. The 


albumen is slowly dissolved, and the solution has a deep — 


yellowish-brown.colour. If the albumen, after being steeped 
in‘nitric acid, be washed and then boiled in water, it is dis- 
solved, and forms a pale-yellow liquid, which gelatinizes 
when properly concentrated. If the gelatinous mass be. again 
dissolved in boiling water, the solution is precipitated by tan 
and by nitro-muriate of tin. Hence we see that nitric acid 
has the property of converting coagulated albumen into 


gelatine. For this important fact we are indebted entirely to. 
Mr. Hatchett.§ 


Concentrated nitric acid dissolves coagulated albumen with 
effervescence, especially when assisted by heat. It becomes” 
orange-brown when mixed with ammonia, but no precipitate 


falls. || 


It is readily dissolved by a boiling lixivium of potash, am- 


* Hatchett, Phil. Trans, 1800. + Ibid. 


{ Scheele, ii. 57. § Hatchett, Phil. Trans: 1800, 
| Ibid, 
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- monia is disengaged, and an animal soap water. chap. 1, 
soap, when dissolved in water, and mixe st ian 
muriatic acids, lets fall a precipitate which bet 5 4 

nature. When heated gently some oil flo is 

brownish viscid substance remains.*  T b 

diluted, and not assisted by heat, act upon eg ae 
perfectly. a te 

These properties indicate sufficiently tha 


‘men is a very different substance from uncoxyuraveu aipumen. 

' During the coagulation its component parts must arrange: 
themselves differently. 
III. From the effects of nitric acid on albumen; and its composi- 
products, when subjected to destructive distillation, it has ti of? 
been concluded that it consists of carbon, hydrogen, azote, and 
oxygen. According to the experiments of Gay-Lussac and 

Thenard, its constituents are as follows: 


ASEEDOI: anise dvs Por een On One 
SIREN cee lice tine sma eo Le 
PAVOLOGEN eens een ses 1 OF 
ROMG cca se eek ese cen LO TO 


100°000 + 


The smallest number of atoms that agrees with the preced- 
ing analysis nearly, is the following : 
17 atoms carbon ...,.. = 12°75 .... 53°40 
6 atoms oxygen ... oh er B00) sane 2518 
13 atoms hydrogen .... = 1°625.... 6°80 
2 atoms azote....+..6 = 3°50 .... 14°67 


23°875 100°00 
According to this statement it differs from gelatin, by con- 
taining two additional atoms of carbon and having one atom 


fewer of hydrogen. But Dr. Prout, who has analysed albu- 
men with great care, has found its constituents as follows: 


PL atone CALDON sees. 6 se LL 28 ae 90700 


6 OXYGEN ...eeeeeees =" 16°00 ". 4... (26°67 
14 hydrogen.......... = ay a aR KG 
PAM Ge aG oo ete cic we Bee) DOU iol slope eke Oe 


22°50 100°00 


* Hatchett, Phil, Trans, 1800. 
+ Recherches Physico-chimiques, 11. 332, 
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sition aeader will observe that this is precisely the compo- 


tassac and Thenard. It is obvious that a mistake must exist 
either in the constituents, of gelatin, as determined by these 


chemists, or in those of albumen, as determined by Dr. Prout. — 


IV. Like all other animal substances, albumen is capable 


of. existing in various ‘states both when coagulated and un-_ 
coagulated, forming a number of distinct species; but they 


have not been characterized with much precision. But if the 
curdy part of milk be considered as an albumen, as some 


chemists do, it constitutes a species essentially distinct from 


the albumen of eggs and blood. Coagulated albumen forms 


an essential part of bone and muscle; brain perhaps may be 


considered as a species of it, and so may the lense of the eye. 
Cartilage, nails, horns, hair, &c. as Hatchett has shown, 
are almost entirely composed of it; and it forms the mem- 
bragous part of many shells, sponges, &c.' In short, it is one 
of the most general and important of the animal substances. 
V. The property which albumen has of being coagulated 
by heat renders it a very useful substance for clarifying liquids. 
The serum of blood, white of egg, or any liquid containing 


it, is mixed with the liquid to be clarified, and the whole is 


then heated. ‘The albumen coagulates, and carries down with 
it the floating particles which rendered the liquid opaque. 


SECT. IIT. 
OF FIBRIN. 


Ir a quantity of blood, newly drawn from an animal, be 
allowed to remain at rest for some time, a thick red clot era- 
dually forms in it, and subsides. Separate this clot from the 
rest of the blood, put it into a linen cloth, and wash it re- 
peatedly in water till it ceases to give out any colour or taste 
to the liquid; the substance which remains after this process 


is denominated fibrin. It has been long known to physicians 


under the name of the fibrous part of the blood, but has not 
till lately been accurately described. 

It may be procured also from the muscles of animals. Mr. 
Tiatchett, to whom we are indebted for a very interesting set 
of experiments on this substance, cut a quantity of lean beef 
into small pieces, and macerated it in water for fifteen days, 
changing the water every day, and subjecting the beef to 


mor of gelatin, as determined by the experiments of Gay- 


ny 
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pressure at the same time, in order to squeeze out the water, chap. 1. 
As the weather was cold, it gave no signs of putrefaction ~~ 


during this process. The shreds of muscle, which amounted 
to about three pounds, were now boiled for five hours every 


day for three weeks in six quarts of fresh water, which was 


regularly changed every day. The fibrous part was now 
pressed, and dried by the heat of a water bath. After this 
treatment it might be considered as fibrin nearly as pure as + it 
can be obtained.* 


3, Fibrin is of a white colour, and has no taste nor smell. Properties. 


When newly extracted from blood, it is soft and elastic, and 
resembles the gluten of vegetables. Its colour deepens very 
much in drying. ‘That which is extracted from muscle by 
boiling and maceration has a certain degree of transparency, 
and is not ductile but brittle. Its colour does not deepen 
nearly so much as the fibrin from blood. 

It undergoes no change though kept exposed to the action 
of air; neither does it alter speedily though kept covered 
with water. Mr. Hatchett kept a quantity of the fibrin which 
he had prepared from beef moistened with water during the 
whole month of April; it acquired a musty but not a putrid 
smell, neither were the fibres reduced to a pulpy mass. Even 
when kept two months under water, it neither became putrid, 
nor was converted into the fatty matter obtained by mace- 
rating recent muscle. 


g. F ibrin is insoluble in cold water. In boiling water it action of 
‘curls up, and after the boiling has continued for some hours, 
the water becomes milky; but no gas is evolved. When in- 


fusion of nutgalls is dropped into the water, white flocks 
precipitate, which do not adhere together when heated, as those 
produced by gelatin. ‘The exaporated liquid does not gela- 
tinize, and leaves a white, dry, hard, friable residue, soluble 
in cold water, and having an agreeable taste similar to that of 
fresh broth. Fibrin by long boiling in water loses its pro- 
perty of softening and dissolvitie j in acetic acid. tf 


4, In alcohol Be the specific gravity 0°81 fibrin undergoes Of alcohol, 


aspecies of decomposition, and forms an adipocirous.sub- 
stance soluble in alcohol and precipitated by the addition of 
water. It has often a strong and unpleasant odour. The al- 
coholic solution leaves when evaporated a fat residue, which 


* Hatchett, Phil. Trans. 1800. ta pia. 
t Berzelius, Annals of Philosophy, i. 20. 
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v—~ alcohol, continues soluble in acetic acid.* 


Of acid, 


5. Ether acts on fibrin in the same way as alcohol. It forms 
an adipocirous matter in much greater abundance, and having 
a stronger and more disagreeable smell.t 

6. In concentrated acetic acid fibrin becomes immediately _ 
soft and transparent, and with the assistance of heat is con- 
verted into a tremulous jelly. By adding water and warmingit, 
this jelly is completely dissolved with the evolution of a small 
quantity of azotic gas. The solution is colourless and has a 


mawkish and slightly acid taste. During its evaporation a 


transparent membrane appears on the surface, and after a 
certain degree of concentration the gelatinous substance is 
again reproduced. When completely dried it is a transparent 
mass which reddens litmus paper, but is insoluble in water 


without a fresh addition of acetic acid. When ferrocyanate 


of potash, an alkali, or sulpuric, nitric or muriatic acid is 
dropped into this solution a white precipitate falls. The acid 
precipitate is a compound of fibrin and the acid. If it be 
washed, a certain portion of acid holding fibrin in solution 
is carried off, and the remainder is soluble in water. This 
solution contains a neutral compound of the acid and fibrin. 
The addition of a little more of the acid causes it to seal 
tate again. { 

7. In weak muriatic acid fibrin shrinks and gives out a 


small quantity of azotic gas; but scarcely any portion is dis- 


solved even by boiling; nor does the acid liquid afford any 


precipitate with ammonia or ferrocyanate of potash. The 
fibrin, thus treated, is hard and shrivelled. "When repeatedly 
washed with water it is at last converted into a gelatinous 
mass, which is perfectly soluble in water. The solution 
reddens litmus paper, and yields’ a precipitate with acids as 
well ‘as alkalies. Fibrin, therefore, combines with muriatic 
acid in two proportions. The one gives a neutral compound 
soluble in water, the other with an excess of acid is insoluble, 
but becomes soluble by the action of pure water.'§ ; 


1 


8. Concentrated sulphuric acid decomposes and carbonizes 
fibrin. When diluted with six times its weight of water, this 


acid acquires a red colour if it be digested with fibrin, but 
dissolves scarcely any thing. The undissolved portion is a 


* Berzelius, Annals of Philosophy, li. 20, + Ibid. 
{ Ibid. § Ibid. 
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ate 


- compound of fibrin and an excess of sulphuric acid. Water Chap. 1. 


deprives it of this excess, and a neutral combination is ob- 
tained which is soluble in water, and possesses the same cha- 
racters as neutral muriate of fibrin.* 

9. Nitric acid of the specific gravity 1:25 digested with 


_ fibrin renders it yellow and diminishes its cohesion. The fluid 
_ becomes yellow, and the surface of the fibrin is covered with a 


small quantity of fat formed by the actionof the acid. During 
this operation pure azotic gas is disengaged. After twenty- 
four hours digestion the fibrin is converted into a pulverulent 
mass, of a pale-citron colour, which is deposited at the bot- 


tom of the liquid. When this pulverulent matter is washed, 


its colour changes in proportion as the excess of acid is 
carried off, and it acquires a deep orange colour. ‘This yel- 
low matter was considered by Fourcroy and Vauquelin as a 
peculiar acid which they distinguished by the name of yellow 


acid. But Berzelius has shown that it is merely fibrin com- 


bined with nitric acid. It dissolves in caustic alkali com- 
municating a yellow colour. When boiled in alcohol an 
adipocirous matter is taken up, but deposited again as the 


liquid cools. If the yellow substance, after being thus de- 


prived of its adipocirous portion, be digested with water and 


‘carbonate of lime, it slowly decomposes and dissolves the 


carbonate, and forms a yellow solution. When this solution 


is concentrated and mixed with alcohol, malate of lime is 
precipitated. ‘The portion dissolved in alcohol was nitrate 


_and_ nitrite of lime.t 
10. In caustic alkali fibrin increases in bulk, becomes trans- Of alkalies, 


parent and gelatinous, and at length is completely dissolved. 
The solution is yellow with a shade of green. Acids occasion 
In it a precipitate which gradually becomes confluent. Alco- 


hol occasions a precipitate in it. Some alteration is produced 
upon the fibrin by the alkali, but nothing in the least similar 
to a soap is formed. f 


11. When fibrin is exposed to heat, it contracts very sud- Of heat. _ 


‘denly, and moves like a bit of horn, exhaling at the same 


time the smell of burning feathers. In a stronger heat it 


‘melts, When exposed to destructive distillation, it yields 
water, carbonate of ammonia, a thick heavy fetid oil, traces of 
acetic acid, carbonic acid, and carburetted hydrogen gas. § 


* Berzelius, Annals of Philosophy, 11, 20. + Ibid. 
} [bid. 7 § Fourcroy, ix. 158. 
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Book v. ‘The charcoal, as Hatchett ascertained, is more copious than 
—v— that left by gelatin or albumen. It is very difficult to inci- 


Composi- 
tion. 


Species. 


History, 


nerate, owing to the presence of phosphate of soda and some 
phosphate of lime, which form a glassy coat on the surface. 
A considerable proportion of carbonate of lime also remains 
after the incineration of the charcoal.* 

12. Fibrin was subjected to an analysis by Gay-Lussac and 
Thenard, who found its constituents as follows : 


Carbon 00. 08.072 69860 
CIXVOEI ce mmieig es tisiea ei shel Ler Oe 
TIVGLOCED YS so vinitiee's see ul Oey 
TAZ Ws wevstotaly's sie'e hyo Aber eee 


100:000 + 


The smallest number of atoms that correspond with this 
analysis is the following : 


18 atoms carbon... = 13°50 ..... 52°94 
5 atoms oxygen .. = 5°00..... 19°61 
14 atoms hydrogen = 1°75 .... 6°86 
3 atoms azote .,.. = 5°25 4... 20°59 
25°50 100°00 


According to this statement it contains one more atom of 
carbon, hydrogen, and azote, and one atom less of oxygen 
than albumen. 

13. Fibrin exists only in the blood and the muscles of 
animals: but it is a genus which includes as many species as 
there are varieties in the muscles of animals; and the great 
diversity of these substances is well known. The muscles of . 
fish, of fowl, and. of quadrupeds, bear scarcely any resem- 
blance to each other. 


SECT. IV. 


OF THE COLOURING MATTER OF BLOOD. Ut 
i 

Tuer blood was very much examined by physiologists dur- 
ing the last century. Leneuhoeck described its colouring 
matter as consisting of globules of a red colour floating in 
the serum, and this description was confirmed by the micro- 


* Hatchett, Fourcroy, ix. 158, 
+ Recherches Physico-chimiques, ii. 330. 
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scopical observations of Hewson and other physiologists. In chap. 1. 


he showed, by very ingenious and satisfactory arguments, that 
this colouring matter was an animal substance.* But chemists 
were prevented from acceding to this opinion by the experi- 


‘ments of Fourcroy and Vauquelin, which were intended to 


_ show that blood contains subphosphate of iron in solution, 
and that it is to the presence of this salt that its red colour is 
_ owing.t ‘This opinion was generally acceded to by chemists 


fill Mr. Brande published his Chemical Researches on the 
Blood in 1812. He demonstrated by decisive experiments 
that the opinion of Fourcroy and Vauquelin was ill-founded, 
that the colouring matter of the blood is a peculiar animal 
substance, which he obtained in a separate state, and the pro- 


_ perties of which he investigated. 


_ Towards the end of the year 1812, Berzelius’ General Views 
of the Composition of Animal Fluids were published in the 
third volume of the Medico-chirurgical Transactions. He 
details the properties of the colouring matter, and shows that 
it possesses very nearly the same properties as those of fibrin. 
These experiments had been made long before those pub- 
lished by Mr. Brande, and had been inserted in the se- 
cond volume of his Djur Chemien, printed in 1808, though 
we only became acquainted with them in this country in con- 
sequence of the publication of the paper in question. Mr. 
Brande’s experiments were repeated and confirmed by Vau- 


-quelin in 1815.§ 


The colouring matter may be procured in the following 
manner: Allow the blood to coagulate. Place the coagulum 
upon blotting paper to absorb the serum. , Put the coagulum 


thus dried ett water ; that liquid dissolves the colouring mat- 


ter and leaves the fibrin. Evaporate the water to dryness 
at a low temperature. ‘The colouring matter remains behind 
in a state of tolerable pypity. 

Colouring matter thus obtained has a very dark-red colour. 
It dissolves in water, provided it has been obtained by a very 
low heat; but if the water which held it in solution has been 
boiled, the colouring matter is deprived of its solubility al- 
together. 


* Phil. Trans. 1797, p. 416. + Fourcroy, ix. 152. 
{ Phil. Trans. 1812, p.90. — § Ann. de Chim, et Phys. 1. 9. 


1797, Dr. Wells published a paper on the subject, in which an aan 
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Vauquelin a Brande found it solulyle i in all the acids tried ; 


tained an insoluble matter, containing an excess of acid, which 
became soluble in proportion as ie excess of acid was removed 
by water. . 
The alkalies dissolve it and the solution has a purple colour, 
Berzelius found that it formed a brownish jelly in caustic fixed 


-alkali, which was dissolved by a-sufficient quantity of water. — 


The alkaline solution is precipitated by alcohol, which how- 
ever acquires a red tinge by dissolving a small quantity of the 
compound formed of the colouring matter with the excess of 
alkali. 3 

Dilute nitric acid dissolves the colouring matter of blood 
without altering its colour. Muriate of barytes does not oc- 
casion any precipitate in its solution in muriatic acid. Neither 
isany change produced by gallic acid or ferrochyazate of potash. 
The infusion of nutgalls precipitates it but does not occasion 
any change of colour. Nitrate of silver does not render its. 
solution in nitric acid turbid; but acetate of lead throws down 
a brown precipitate. It is not precipitated by ammonia, nor 
is the colour altered. It is soluble in sulphuric acid by heat. 
The solution is dark reddish-brown; and is not precipitable 
by water or potash. It is likewise soluble in caustic potash: 
the solution is green; and is precipitated in flocks by muriatic 
acid. 

Mr. Brande tried to form a lake by precipitating its acid 
solution by means of different earthy and metallic salts. Nei-_ 
ther alumina nor oxide of tin answered the purpose well. 
Corrosive sublimate or nitrate of mercury succeeded best. 
They gradually precipitated the colouring matter, and formedil 
with it powders of a good red colour, which did not alter by) 
exposure to the air. a Mr. Brande likewise made some at- 
tempts to employ it as a pigment in dyeing; but they were not. 
attended with much success. ‘Though, as blood is an ingre- 
dient employed in some. dyeing processes, it is not eee 
that the colouring matter may be of some importance even as” 
a dye stuff. 3 

When the colouring matter of blood is heated it neither 
alters its form nor colour; but gives out an animal odour and — 
furnishes carbonate of ammonia and a purple oil: but scarcely 


* Phil. Trans. 1812, p. 110. 
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any gas. The charrypresiduum is as bulky as the original chap.t 

substance.* "” : : aah es 
No analysis of the colouring matter of the blood has yet 

been made. It is obvious, ener from the observations of 

Berzelius, that its properties approach very nearly those of 

fibrin. Hence it is probable that its constitution is nearly, 

similar. It contains however a considerable proportion of 

iron in some unknown state. ‘ 


SECT. V. 
OF MUCUS. 


No word in chemistry has been used with less precision than 
mucus. ‘Too many experimenters have made it serve as a 
common name for every animal substance which cannot be 
referred to any other class. Dr. Bostock, in his excellent 
Papers on the Analysis of Animal Fluids, has endeavoured to 
fix the meaning of the word by ascertaining the properties of 
pure mucus. Fourcroy and Vauquelin have published an 
elaborate paper on the same subject. t 

From Bostock’s experiments it appears, that if the solid 
matter obtained by evaporating saliva to dryness be redissolved 
in water and filtered, the solution will contain very little except 
mucus. He obtained mucus, also, by macerating an oyster in 
water. and evaporating the liquid.t Mucus, thus obtained, 
possesses the following properties: 

1. It has much the appearance of gum arabic, excepting Properties. 
that, in general, it is rather more opaque; like it, it has little 
taste, issolves readily in water, and forms an adhesive solution. 

2. When evaporated to yeas it is transparent, inelastic, 
and has much the appearance of gum. It is insoluble in 
water, but dissolves readily in all the acids though very much 
diluted. 

3. It does not dissolve in alcohol nor in ether. 

4, It does not coagulate when heated; nor when concen- 
trated by evaporation does its solution assume the form of a 
jelly. 

5. It is not precipitated by corrosive sublimate, nor by the 
infusion of galls.§ 


* Vauquelin. + Ann. du Mus. d’Hist. Nat. xii. 61, 
} Nicholson’s Jour. xi. 251. 
§ Bostock, Nicholson’s Jour. xi. 251. 
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Bok v. 6, The subtritacetate of lead .occasigns a copious white pres 
" cipitate when dropped into solutions containing mucus the 
acetate produces a much less striking effect. * 

7, Nitrate of silver likewise occasions a precipitate in solu- 
. containing mucus. 

. When heated it assumes the appearance of horn, and 

sie distilled it yields the common products of animal sub- 

* stances. According to Fourcroy and Vauquelin, horn, nails, 

hair, feathers, the epidermis, and the scales which form on the 
skin, consist chiefly of mucus. 

Many of the substances called mucus have the property of 
absorbing oxygen, and of becoming by that means insoluble in 
water. They resemble vegetable extractive in this respect. 

The mucilaginous substances will be pointed out in the next 
Chapter. In the present state of our knowledge, any account 
of them here would merely be a repetition of the properties 
just mentioned. 


SECT. VI. 
OF OSMAZOME.+ 


History. Turis substance -was first noticed by Rouelle. The name 
was applied to it by Thenard. It seems doubtful, whether 
osmazome be any thing else than fibrin slightly altered by 

being boiled in water and dissolved in that liquid. But as it 

is a substance which is often met with in the analysis of animal 
substances, and as its identity with fibrin, though probable, is 

not fully made out, I think it better, at least for the present, 

to give it a particular place. 
Preparation, Geitnoie may be obtained by the following process. 
Divide the muscle of beef into small fragments, and leave it 

in contact with twice or thrice its weight of cold water for an 

hour or two, taking care to squeeze it occasionally. Decant 

off the first portion of water, and add an additional quantity. 

Repeat the digestion a third time. These portions of willl 

will dissolve the salts, the albumen, and the osmazome. Mix 

them all together and evaporate them in a porcelain vessel till 

the whole albumen has coagulated and separated. Then filter 

the liquor, which will now be reduced to a small quantity, and 


* Bostock, Nicholson’s Jour. xi. 251. 
- + Derived, I presume, from ogy smell, and Swpos broth. 
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ofa deep colour. Evaporate it by means of a very gentle roa 


heat to the consistence of a syrup. It consists of osmazome 
mixed with the salts of the muscle. Alcohol digested with it 
takes up the osmazome and leaves the salts. By evaporating 
the alcohol we obtain the osmazome nearly in a state of purity.* 


Osmazome thus obtained has a brownish-yellow colour, and Properties. 


the taste and smell of broth. 


» It is soluble both in water and alcohol. ‘The aqueous solu- ° 


tion does not gelatinize; but when evaporated leaves the osma- 
zome behind it in the state of a brown matter. 

~The aqueous solution of it is precipitated by infusion of 
nutgalls, nitrate of mercury, and by the acetate and nitrate 
of lead. 

When heated it melts, swells, and is decomposed, giving 
out subcarbonate of ammonia, and leaving a bulky charcoal 
which contains carbonate of soda, showing , clear ly that it was 
‘not in a state of complete purity. 


SECT. VII. 
OF PICROMEL. 


Turs is a name given by Thenard to the peculiar substance 
which characterizes bile.t It may be obtained pure by the 


following process. Mix fresh bile with sulphuric acid, diluted Preparation. 


‘with three or four times its weight of water. A yellow preci- 


pitate falls, which must be allowed to subside, then separated. 
Then continue to add fresh acid as long as any precipitate 


“appears. Heat the mixture gently for some hours, and after- 


wards decant off the fluid part. A green matter remains, 
which chemists have been in the habit of denominating resin 
of bile. This green matter is to be thoroughly edulcorated 
with water. In this state it is a compound of picromel and 
sulphuric acid. Digest it with carbonate of barytes and water ; 
the acid combines with the barytes, while the picromel dissolves 


in the water and forms a solution exactly similar in appearance _ 


to bile. Or the green matter may be dissolved in alcohol, 


_and the liquid digested over carbonate of potash or carbonate 


* Thenard’s Traité de C himie, ii. 447. 

+ The name picromel is derived, I presume, from minpog bitter, and 
peri honey. It is a very unfortunate name. Cholin (from yA» bile) would 
be much better. | 
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of lime till it no longer reddens litmus. It is then to be fil- 
tered and evaporated to dryness. The substance thus ob- 
tained is picromel. 

Picromel when pure resembles . entirely inspissated bile. 
It has a green or greenish-yellow colour, and an intensely 
bitter taste, followed by some sweetness. 

It is soluble in water, and likewise in alcohol in all propor 
tions. Ether does not dissolve it, but converts it into an adi- 
pocirous substance; having an exceedingly disagreeable smell. 

Like the albumen of blood it unites with pric Vi and forms 
compounds soluble when neutral, but insoluble, or only spar- 
ingly soluble, when there is an excess of acid. It is this last 
compound of picromel, and a mineral acid, which has been 
hitherto mistaken by chemists for the resi of bile. 

Picromel combines likewise with many metallic oxides into 
a pulverulent mass. 

It is not precipitated by sap of nutgalls ; ; but the 
nitrate of mercury, the subacetate of lead, and the salts of 
iron, occasion a precipitate when dropped into its aqueous 
solution. 

When picromel is subjected to destructive distillation it 
gives out no ammonia. Hence it would seem that it contains 
no azote. A difference in composition sufficient to distinguish 
picromel from albumen and fibrin, with which it possesses 
many analogous properties.* 

When passed through red hot peroxide of copper, it is con- 
verted into eaninioiaeie gas and water. One grain of pi-< 
cromel gives out 4°2 cubic inches of carbonic acid gas, and 0:2 
grain of water. From this experiment I conclude that it is a 
compound of 

5 atoms carbon ....s... = 3°75 wees 5453 
1 atom hydrogen ...... = 0°125.... 1°82 
3 atoms oxygen ........ = 3°000.... 43°65 


6875 100°00F t 


* Berzelius, Annals of Philosophy, 1. 377. 
+ Annals of Philosophy, xiv. 69. 
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SECT. VIII. 


OF UREA OR NEPHRIN. 


| tutes the subject of this section by Fourcroy, is a very unhappy 
) one in consequence of uric acid, a substance likewise peculiar 
to the urine, having very nearly the same name, or at least a 
name that would indicate a connexion between the two sub- 
stances, while in fact no such connexion exists. I conceive 
‘therefore that it would be a considerable improvement if we 
were henceforth to substitute the'term nephrin* for urea. 

This important substance may be obtained in the following 


“manner. Evaporate healthy urine to one fourth of its volume. 


of the specific gravity 1°4, and set it aside for 24 hours. A 
great number of silky plates of a brown colour are formed, 
which consist of nitric acid and nephrin united together. Dry 
them upon blotting paper, dissolve them in water, and add as 
much potash as is requisite to saturate the nitric acid which 
they contain. Concentrate the solution and set it aside; crys- 
tals of nitre separate. ‘These crystals are to be removed, the 
residual liquid is to be evaporated, and digested in alcohol. 


urine, but leaves the saltpetre undissolved. [vaporate the al- 
‘eoholic solution to dryness, dissolve the residue in water, put 
the solution into a phial and add a quantity of fresh ivory 
black; agitate for some time, and then throw the whole on a 
filter. The ivory black separates the whole colouring matter, 
-and the liquid which passes through is colourless as water. 
_ Evaporate this liquid slowly, and the nephrin is obtained in 
the state of a beautiful white substance, semitransparent and 
crystallized in four-sided prisms. For the above process, 
which I have more than once repeated, we are indebted to 
Dr. Prout. 

Nephrin thus obtained has little or no smell; its taste is 
‘strong and acrid, resembling that of ammoniacal salts. 
“When exposed to the open air, it attracts moisture, and is 


| converted into a thick liquid. It is extremely soluble in. 


© From eGo; the kidney, the organ by which it is separated from the blood. 
Z2E2 


Then mix it with about a third part of its weight of nitric acid 


This liquid dissolves the nephrin, and the colouring matter of 
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water; and during its solution a considerable degree of cold 
is produced.* Alcohol dissolves it with facility, but scareely in 
so large a proportion as water. The alcohol solution yields 
crystals much more readily on evaporation than the solution 
in water. 

When nitric acid is dropped into a concentrated solution of 
nephrin in water, a great number of bright pearl-coloured 
crystals are depbateds composed of nephrin and nitric acid. 
No other acid produces this singular effect except the oxalic, 
as has been ascertained by Dra Bnouk The infusion of 


_ nutgalls gives the aqueous solution of nephrin a yellowish- 


Action ef 
heat. 


brown colour, but causes no precipitate ; neither does the in- 
fusion of tannin produce any precipitate.+ 

When heat is applied to nephrin, it very soon cote swells 
up, and evaporates with an insupportably fetid odour. When 
distilled, there comes over first benzoic acid, then carbonate of 
ammonia in crystals, some carburetted hydrogen gas, with 
traces of prussic acid and oil; and there remains behind a 
large residuum, composed of charcoal, muriate of ammonia, 
and muriate of soda. The distillation is accompanied with an 
almost insupportably fetid alliaceous odour. Two hundred 
and eighty-eight parts of nephrin yield by distillation 200 
parts of carbonate of ammonia, 10 parts of carburetted hydro- 
gen gas, seven parts of charcoal, and 68 parts of benzoic acid, 
muriate of soda, and muriate of ammonia. These three last 
ingredients Fourcroy and Vauquelin consider as foreign sub- 
stances, separated from the urine by the aleohol at the same 
time with the nephrin. Hence it follows that 100 parts of 
nephrin when distilled, yield | 
Carbonate of ammonia...,.. 92°027 | 
Carburetted hydrogen gas... 4:608 
SNEVOO ie ence a fags oa) ee 


; 
Now 200 parts of carbonate of ammonia, according to 
Fourcroy and Vauquelin, are composed of 86 of ammonia, 90 


carbonic acid gas, and 24 water. Hence it follows that 100 
parts of nephrin are composed of 


99°860 


* Fourcroy and Vauquelin, Ann, de Chim. xxxii, 88, t Ibid, 
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Carbonigs Uw yal Pee 
Hydrogen .......... 13°3 


100°0 


_ But it can scarcely be doubted that the water which was 
_ found in the carbonate of ammonia existed ready formed in 
the nephrin before the distillation.* 

Dr. Prout has subjected pure nephrin to a rigid analysis, 
and found its constituents as follows: 


2 atoms hydrogen ...... = 0°25 .... 6°66 
¥. atom‘ carbon ©) Ue 202 2. OTS. ee 20 O 

tvatom! oxygen) ys) 9 100" 2. 3s 26°66 
i fatom azote’ SSS Pe TB? he A666 


a) 


a Ae 100°00 


_ These proportions differ materially from those of Fourcroy 
and Vauquelin, and are doubtless much more accurate. 

When the solution of nephrin in water is kept in a boiling 
heat, and new water is added as it evaporates, the nephrin is 
gradually decomposed, a very great quantity of carbonate of 
ammonia is disengaged, and at the same time acetic acid is 
formed, and some charcoal precipitates. + | 

When asolution of nephrin in water is left to itself for some putrifac- 

time, it is gradually decomposed, A froth collects on its sur- "™ 
“face; air bubbles are emitted which have a strong disagreeable 
smell, in which ammonia and acetic acid are iin sulebalite: 
The liquid contains a quantity of acetic acid. The decompo- 
sition is much more rapid if a little gelatin or lime be added to 
the solution. In that case more ammonia is disengaged, and 
the proportion of acetic acid is not so great.{ 

When the solution of nephrin is mixed with one-fourth of its Action of 
weight of diluted sulphuric acid, no effervescence takes place; wt. 
but, on the application of heat, a quantity of oil appears on 
the surface, which concretes upon cooling; the liquid which 
comes over into the receiver contains acetic acid, and a quan- 
tity of sulphate of ammonia remains in the retort dissolved in 


* Ann. de Chim, xxxi. 88. t Ibid. p. 96. 
¢ Ibid. p. 96. 
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the undistilled mass. By repeated distillations, the whole of 
the nephrin is converted into acetic acid and ammonia.* 

When nitric acid is poured upon crystallized nephrin, a 
violent effervescence takes place, the mixture froths, assumes 
the form of a dark-red liquid, great quantities of nitrous gas, 
azotic gas, and carbonic acid gas, are disengaged. When the 
effervescence is over, there remains only a concrete white mat- 
ter, with some drops of reddish liquid. When heat is applied 
to this residuum, it detonates like nitrate of ammonia. Into 
a solution of nephrin, formed by its attracting moisture from 
the atmosphere, an equal quantity of nitric acid, of the spe- 
cific gravity 1°460, diluted with twice its weight of water, was 
added; a gentle effervescence ensued: a very small heat was 
applied, rlaicl supported the effervescence one or two days. 
There was disengaged the first day a great quantity of azotic 
gas and carbonic acid gas; the second day, carbonic acid gas, 
and at last nitrous gas. At the same time with the nitrous gas 
the smell of chlorocyanic acid was perceptible. At the end of 
the second day, the matter in the retort, which was become 
thick, took fire, and burnt with a violent explosion. The re- 
siduum contained traces of prussic acid and ammonia. The 
receiver contained a yellowish acid liquor, on the surface of 
which some drops of oil swam. + 

Muriatic acid dissolves nephrin, but does not alter it. Chlo- 
rine gas is absorbed very rapidly by a diluted solution of neph- 
rin; small whitish flakes appear, which soon become brown, 
and adhere to the sides of the vessel like a concrete oil. After 
a considerable quantity of this gas had been absorbed, the so- 
lution, left to itself, continued to effervesce exceeding slowly, 
and to emit carbonic acid and_azotic gas. After this efferves- | 
cence was over, the liquid contained muriate and carbonate of 
ammonia. | 

Nephrin is dissolved very rapidly by a solution of potash or 
soda, and at the same time a quantity of ammonia is disen- 
gaged; the same substance is disengaged when nephrin is 
treated with barytes, lime, or even magnesia. When pure 
solid potash is triturated with nephrin, hens is produced, a 
great quantity of ammonia is disengaged ; the mixture becomes 
brown, and a substance is deposited, having the appearance of 
an empyreumatic oil. One part of nephrin and two of pot- 


* Aun, de Chim. xxxii. 104. ¢ Ibid. p. 107. 
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‘ash, dissolved in four times its weight of water, when distilled, chap. 1. 

_ give out a great quantity of ammoniacal water; the residuum 
contains acetate and carbonate of potash.*. » 
_. When muriate of soda is dissolved in a solution of nephrin 
in water, it is obtained by evaporation, not in cubic crystals, its 
usual form, but in regular octahedrons. Muriate of ammonia, 
on the contrary, which crystallizes naturally in. octahedrons, is 
converted into cubes, by dissolving and crystallizing it in the 
solution of nephrin. : | 
Such are the properties of this singular substance, as far as 
they have been ascertained by the experiments of Fourcroy 
and Vauquelin. It differs from all animal substances hitherto 
examined, in the great proportion of azote which enters into 
its composition, and in the facility with which it is decom- 
posed, even by the heat of boiling water. 


SECT. IX. 
OF SACCHARINE MATTER. 


Tue species of saccharine matter hitherto found in the ani- 
mal kingdom are the following: 


1. Sugar of milk. 
2. Honey. 
3. Sugar of diabetic urine. 


1, Sugar of milk may be obtained by the following process : How ob- 

let fresh whey be evaporated to the consistence of honey, and zai 
~ then allowed to cool; it concretes into asolid mass. Dissolve 

this mass in water, clarify it with the white of eggs, filter and 
evaporate to the consistence of a syrup ; it deposits on cooling 

a number of brilliant white cubic crystals, which are sugar of 

milk. Fabricius Bartholdi, an Italian, was the first European 

who mentioned this sugar. He described it in his Encyclo- 

peedia Hermetico-Dogmatica, published at Boulognia in 1619; 

but it seems to have been known in India long before that pe- 

riod. For the best account of its properties we are indebted 

to Mr. Lichtenstein. 

When pure it has a white colour, a sweetish taste, and no Properties, 

‘smell. Its crystals are semitransparent regular parellelopipeds, 

terminated by four-sided pyramids. Its specific gravity, at the 


* Ann, de Chim. xxxil. 107. 
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Book V. temperature of 55°, is 1°543. At the temperature of 59°, it 
, is soluble in five times its weight of water, and in two and a 
half times its weight of boiling water. It is perfectly insoluble 
in alcohol, but the addition of a little sulphuric acid makes it 
soluble in that liquid... When burnt it emits the odour of ca- 
romel, and exhibits precisely the appearance of burning sugar. 
When distilled, it yields the same products as sugar, only the 
empyreumatic oil obtained has the odour of benzoic acid.* 
When treated with nitric acid it yields saclactic acid.. From 
the experiments of Vogel and Bouillon La Grange, we learn 
that sugar of milk is soluble in muriatic and acetic acid. Chlo- 
rine decomposes it into water and carbonic acid. Strong pot- 
ash ley decomposes it in the cold, and converts it into water, 
carbonic acid, acetic acid, and a colouring matter. Neither 
alcohol nor ether dissolves it.t From the experiment of Bu- 
cholz, it appears that sugar of milk is not susceptible of the 
vinous fermentation.t : 

Saccolateof ‘Sugar of milk combines with protoxide of lead in various 
ne proportions. The neutral compound has a mucous appear- 
ance when moist, but becomes yellow and semitransparent 
when dry. Its constituents, according to the analysis of Ber- 

zelius, are as follows: 


Sugar of milk ....36°471 ....100 .... 8039 
Oxide of lead .... 63°529 .... 17415 .... 14 


100°000 


_ Oxide of lead digested with sugar of milk appears at first 
not in the least altered. It is however converted into a sub- 
saccolate of lead, which when well washed and dried is a yel- 
low powder composed of 


Sugariofi milk yy Ors ouiclee dodiited: woes % 
Oxide of lead wi...) 18772. 0586 681 oes oN 4 


100°00§ 
From these analyses we see that the equivalent number for 
sugar of milk is 8°22. We may take 8°25 as sufficiently near. 
It has been analysed both by Gay-Lussac and Thenard, and 
by Berzelius. According to Gay-Lussac and Thenard, its 
constituents are, 


* Scheele, ii. 70. ¥ Schweigger’s Jour. ii. 342. 
$ Ibid. p. 359. § Annals of Philosophy, v, 267. 
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Oxyoeme si oie O45 BBR 
Carbon ............2. 38°895 


Hydrogen iii). 0000 .. 7 94d 


100°000* 


Berzelius’ numbers approach very nearly to these. Accord- 
ing to him the constituents of sugar of milk are, 


Oxygen . EARNS Se Bett eee 53°359 
Lae DO kas ore oso Aey kh 


LBA PFN SS CORON LBA, As o8 


100000 
_ These analyses do not correspond well with the equivalent 
number for the weight of sugar of milk deduced from analysis. 
Were we to suppose it composed of 4 atoms oxygen, 5 atoms 


- carbon, and 4 atoms hydrogen, its composition would be as 
- follows : 


4 Atoms oxygen .. = 4 4... 48% 
5 Atoms carbon ., = 3°75....45°4 
4 Atoms hydrogen. = 0°5 .... 6°2 


8°25 100°0 


Numbers quite irreconcileable with the analyses above given. 
- The subject therefore requires farther investigation. 
2. Honey is prepared by bees, and perhaps rather belongs Honey. 


to the vegetable than the animal kingdom. It has a white or 
yellowish colour, a soft and grained consistence, a saccharine 


and aromatic smell. By distiilation it affords an acid phlegm 


and an oil, and its coal is light and spongy like that of the 


ucilages of plants. Nitric acid extracts from it oxalic acid, 


precisely as it does from sugar. It is very soluble in water, 


| 


with which it forms a syrup, and like sugar passes to the vi- 
nous fermentation. Mr. Cavezzali has ‘affirmed that honey is 
composed of sugar, mucilage, and an acid. The sugar may 


* Recherches Physico-chimiques, ii. 295. 

t Annals of Philosophy. v. 266. | 
' J If the reader wishes a more detailed account of sugar of milk, he 
may consult Lichtenstein’s Abhandlung, published separately in 1772, and 
Rouelle’s dissertation in the 39th volume of the Jour. de Medicine. An 
abridged view of the whole has been given by Morveau in the first volume 
of the Encycl, Methodique, which has heen published in an English dress by 
Mr. Johnson in his History of Animal Chemistry, i. 128. 
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BookV. be separated by melting the honey, adding carbonate of lime 
in powder as long as any effervescence appears, and scumming 
the solution while hot. The liquid thus treated gradually de- 
posits crystals of sugar when allowed to remain in a glass ves- _ 
sel.* Its crystals, as far as I have observed, are quite analo-_ 
gous to those of sugar of grapes. 

According to Proust, there are two kinds of honey; one 
always liquid, and the other solid and not deliquescent. They 
may be separated, he says, by means of alcohol.+ 

Sugar of 3. The urine of persons labouring under the disease known 
un to physicians by the name of diabetes, yields, when evaporated, 
a considerable quantity of matter which possesses properties 
analogous to sugar. This seems to have been first observed 
by Willis. Afterwards the subject was carried somewhat far- 
ther by subsequent physicians. But it is to Mr. Cruikshanks 
that we are indebted for the most valuable set of experiments 
on the subject. In this case he extracted from urine about 
oth of its weight of a sweet-tasted extract like honey. When 
treated with nitric acid, it yielded the same proportion of 
oxalic acid as an equal quantity of common sugar would have 
done, making allowance for the saline substances present. No 
saclactic acid was formed. Hence it follows that this substance 
is not analogous to sugar of milk, but nearer common sugar in 
its properties. It crystallizes nearly in the same manner as 
sugar of grapes. I have seen it prepared by Dr. Wollaston 
in small grains having almost exactly the appearance of com- 
mon white sugar. Nicolas affirms that when treated with lime 
it is decomposed.t If so, it certainly differs essentially from 
common sugar, which Cruikshanks first proved to be capable 
of uniting to lime without decomposition. Indeed Chevreul 
has lately ascertained that diabetic sugar possesses all the chai 
racters of sugar of grapes.§ 


SECT. X. : ( 
OF CANTHARIDIN. 


I give this name to the substance in cantharides or Spanish ° 
flies, (meloé vesicatorius) which occasions a blister when ap- 
plied to the skin. It was obtained in a separate state, and its’ 


* Ann. de Chim. xxxix. 110. t Jour. de Phys, lix. 428 
{ Ann. de Chim. xliv. 64. § Annals of Philosophy, ix. 55, 
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properties were examined by M. Robiquet in 1810.* It may | Chap. I. 
| be obtained by the following process. 
Boil cantharides in water till every thing soluble in that elie 
_ Jiquid be taken up. - Concentrate the solution by evaporation, oe 
_ and when reduced to a thick syrup boil it repeatedly in alco- 
hol till that liquid ceases to act upon it. Evaporate the alco- 
_ holic solution gently to dryness, and put the dry residue into a 
phial with sulphuric ether, and agitate the mixture for a con- 
: siderable time. At first the ether will seem to have no effect 
_ upon it, but after some hours it assumes a yellow colour. De- 
cant it off and allow it to evaporate spontaneously in the open 
air. It deposits small crystalline plates mixed with a yellow 
matter. Alcohol takes up the yellow matter; but leaves the 
_ erystalline plates. These plates when dried between folds of 
_ blotting paper are cantharidin in a state of considerable purity. 
— Cantharidin thus obtained is in small plates, having a shining Properties. 
- micaceous appearance. It is insoluble in water and i in cold 
alcohol. Boiling alcohol dissolves it, but lets it fall again in 
crystals as the solution cools. Ether dissolves it but not very 
powerfully. It dissolves very readily in oils, and when ap- 
plied to the skin it acts as a vesicatory with great energy. The 
solution of it in oils is equally efficaceous.+ 
It would appear probable from a set of experiments by Dr. 
Freeman Dana, that the lytha vittata, or potatoe fly, of North 
America, which is known to possess very powerful vesicating 
properties, contains likewise a quantity of cantharidin.t 


SECT. XI. 


OF COCHENILIN. 


® Tue cocheneal is an insect which inhabits different species 
of cactus, and which is propagated in Mexico and some other 
countries in order to be employed as a dye stuff. By it the 
scarlet, the most splendid of all colours, is given to cloth. It is 
to the red colouring matter of the insect that Dr. John has given 
the name of cochenilin. He has examined this colouring mat- 
ter, and established it as a peculiar animal principle. Accord- 
ing to him the constituents of the cocheneal insect; are the 
following : 


* Ann. de Chim. Ixxvi. 302. 
+ Robiquet, Ann. de Chim. Ixxvi, 308. 
+ American Journals of Science of Arts, 1. 137. 
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Cochenilin io. 0. 6 MU Os GOO 

Jelly @ jad Loe e eltelie te Velie te) oleae 1eN6 lee eke 10°5 

Waryrdat, «,sraitts, «ixeis a eoneem nts] wali On 

Gelatinous mucus ..,....-eee++ 14°0 

OMINING MAE w/e c's pibin 4s eapaie L400 

Alkaline phosphate 4 

Alkaline muriate 

Phosphate of lime ( See ao 

~ Phosphate of iron 

Phosphate of ammoniaJ — t 

100°:0* 


M.M. Pelletier and Caventou, who have examined the 
cochineal more lately than John, have given to the peculiar 
colouring matter which it contains the name of carmine; but I 
prefer John’s name; both as more agreeable to the rules of the 
chemical nomenclature, and as more suited to our language; 
or at least less ambiguous. For the term carmine in the En- 
glish language has already an appropriate signification. 


The patos chemists obtained cochenilin in a state of 


purity, by the following process. ‘The cochineal insect was 
digested in alcohol as long as it gave a red colour to that 
liquid. The alcoholic solution when left to spontaneous 
evaporation let fall a er ystalline matter of a fine red colour. 
These crystals were dissolved in strong alcohol, and the solu- 
tion was mixed with its own bulk of sulphuric ether. It be- 
came muddy, and after an interval of some days the coche- 
nilin was deposited at the bottom of the vessel forming a beau- 
tiful purplish red crust. The properties of cochenilin thus 
obtained are as follows: 

It has a fine purple red colour. It adheres strongly to the 
sides of the vessel in which it is deposited. It has a granular 
appearance, as if it were composed of crystals. It is not 
altered by exposure to the air. It does not absorb any sen- 


sible quantity of moisture. When heated to the temperature 


en 


of 122° it melts. If the heat be increased, it swells up and is 
decomposed, yielding carburetted hydrogen gas, a great deal ; 


of oil, and a little water, having a slightly acid taste. It gives 


out no traces of ammonia. . 

It is very soluble in water. ‘The liquid may be reduced by 
evaporation to the consistency of a syrup; but the carmine 
does not crystallize. ‘The watery solution of it has a fine car- 


* John’s Tabellen des Thier reichs, p. 127, and Chemische Untersuch- 
ungen, lll, 210. 
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| mine red colour. A very small portion of this substance gives 


a strong colour to. a great quantity of water. It is soluble like- 
wise in alcohol; but the stronger the alcohol is, the worse a 


: solvent does it become. It is abtabied m sulphuric ether; the 
_ weak acids dissolve it; but probably merely in consequence of 


the water which they contain. No acid precipitates it when 
pure; but they almost all throw it down when it is in combi- 
nation with the peculiar animal matter of the cochineal; but 
all the acids produce a sensible change upon the aqueous solu- 
tion of carmine. ‘They make it assume in the first place a 
lively red colour, which gradually acquires a yellowish tinge, 
and at last becomes entirely yellow. When the acids are not 


_ -yery concentrated, the carmine is not altered in its nature; for 


when the acid is saturated, the colour resumes its former ap- 


1 pearance. 


Concentrated sulphuric acid destroys and chars carmine. 
Muriatic acid decomposes it without charing it, and converts 
it into a bitter substance, which has no resemblance to ear- 
mine. Nitric acid decomposes it with still greater rapidity. 
Some needle-form crystals are formed similar im appearance 
to oxalic acid; but they do not precipitate lime water even 
when mixed with ammonia. The nature of these erystals was 
not ascertained. 

Chlorine acts with energy on carmine, giving it first a gel 


low colour, which # gradually destroys altogether. It oe~ 


@asions no precipitate in aqueous solution of carmine if no 
animal substance be present. It is, therefore, a useful reagent 
to enable us to discover the presence of animal matter in this 
colouring principle. Iodine acts in the same way as chlorine, 
but with less rapidity. 


_. When the alkalies are poured into a solution of carmine, they 


give it a violet colour. If the alkali be saturated immediately, 
the original colour appears, and of course the carmine remains 
unaltered, or at least only slightly modified; but if the action 
of the alkali be prolonged, or if it be augmented by the appli- 
cation of heat, the violet colour is dissipated, the liquid becomes 
first red, and then yellow. The nature of the colouring matter 
is now completely altered. 

Lime water occasions a violet coloured precipitate when 
dropped into the aqueous solution of carmine. Barytes and 
strontian occasion no precipitate, but produce the same change 
of colour as the alkalies. Alumina has a very strong strains 
for carmine. When newly precipitated alumina is put into 


és 
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Book V. an aqueous solution of carmine, the liquid is totally deprived’ 


If a few drops of acid be added to the aqueous solution before’ 
adding the alumina, the lake obtained has a fine red colour as’ 
before; but it becomes violet upon the application of the least 
heat. The same effect is produced by adding to the liquid a 
few grains of an aluminous salt. 

Most of the saline solutions alter the colour of the aqueous 
solution of carmine; but few of them are capable of producing 


" of its colour, and the alumina converted into a beautiful lake. | 


a precipitate in it. The salts of gold alter the colour merely; 


nitrate of silver produces no change whatever ; the soluble. 
salts of lead render the colour violet; and acetate of lead oc- 
casions a copious violet precipitate. By decomposing this 
precipitate by means of a current of sulphuretted hydrogen, 
we may obtain the carmine dissolved in water in a state of 
purity. 

Protonitrate of mercury throws down a violet precipitate. 
Pernitrate of mercury does not act so powerfully, and the co- 
lour of the precipitate is scarlet. Corrosive sublimate pro- 
duces no effect whatever. | 

Neither the salts of copper nor of iron occasion any precipi- 
tate; but the former changes the colour of the liquid to violet, 
the latter to brown. 

Protomuriate of tin throws down a copious violet precipi. 
tate. The permuriate changes the colour to scarlet, but pro- 


duces no precipitate. When gelatinous alumina is added to 


the mixture, we obtain a fine red precipitate, which is not 


altered by boiling. 


None of the aluminous salts occasion a precipitate, but they 1 


change the colour to carmine. ‘The salts of potash, soda, and 
ammonia, change the colour of the liquid to carmine red. | 

From the action of the different salts upon this colouring 
matter, Pelletier and Caventou have drawn as a conclusion’ 
that the metals susceptible of different degrees of oxygenation’ 


act like acids upon the colouring matter of cochineal when at ! 


a maximum of oxidation, but like alkalies when at a minimum 
or medium degree; and that this alkaline influence may be 
exercised in the midst of an acid when the oxides in question 


are capable of forming an insoluble precipitate with the colour- 


ing matter. 


Tannin, and astringent substances in general, do not pre-— 


cipitate the colouring matter of cochineal. 


Pelletier and Caventou mixed a quantity of the colouring 
7 , 
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matter with black oxide of copper, and subjected the mixture Chap. 1. 


to the requisite degree of heat. The only gaseous substance 
| obtained was carbonic acid. Hence it follows that carmine is 


composed of carbon, oxygen, and hydrogen, and that it con- 
/ tains no azote whatever. 


SECT. XI. 
OF OILS. 


Tue oily substances found in animals belong all to the class 


of fixed oils. They differ very much in their consistence, being 
found in every intermediate state from spermaceti, which is 


perfectly solid, to train oil, which is completely liquid. ‘The 
most important of them are the following: 


1, Fat.—This substance is found abundantly in different rat. 
parts of animals. When pure it possesses the properties of 
_ the fixed oils. Its consistence varies from tallow or suet, which 


is brittle, to hog’s lard, which is soft and semifluid. To obtain 


fat pure, it is cut in small pieces, well washed in water, and 
the membranous parts and vessels separated. It is then melted 
in a shallow vessel along with some water, and kept melted till 
_ the water is completely evaporated. Thus purified it is white, 


tasteless, and nearly insipid. 


Different kinds of it liquify at different temperatures. Lard Properties. 


melts at 97°; but the fat extracted from meat by boiling re- 


| quires, according to Nicholson, a heat of 127°. When heated 
- to about 400°, it begins to emit a white smoke, which becomes 


more copious and more disagreeable as the heat increases; at 
the same time it becomes blackish, owing doubtless to the de- 


composition of a portion of it and the evolution of some char- 
' coal. If it be now cooled it becomes more brittle and solid 
than at first. When hog’s lard is distilled in a retort, we 


obtain first a portion of water, and then a white oil, which 
concretes in the receiver into small round globules, and a black 
mass remains in the retort. During the whole process abun- 
dance of carburetted hydrogen and carbonic acid come over, 
which have a most abominable odour. When the vessels are 


unluted, they emit an odour so detestable and powerful that it 


is absolutely impossible to endure it. It was formerly sup- 
posed that this odour was exhaled by the sebacic acid formed 
during the process; but Thenard. has shown this to be a mis- 
take. We must therefore ascribe it to an empyreumatic oil. 
The smell does not suddenly disappear. During this dis- 


t 
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Book v. tillation acetic acid is disengaged, and likewise some sebacie 
“~— acid, which is found in Solution in tpe receiver mixed with 
the oil. | 
Nature. ~ | Lhese products demonstrate the peculiar nature of fat; at 
the same time its analogy to fixed oil is so strong that we can=_ 
not but consider it as belonging to the same genus of bodies. — 
Its constituents are undoubtedly oxygen, hydrogen, and car- 
bon, in unknown proportions. It has been supposed also to 
contain an acid. The opinion originated from the older che- 
mists, that all the solid oily bodies were indebted to an acid 
for their solidity. The experiments of Crell were supposed 
to demonstrate the truth of this opinion; but Thenard has 
lately shown that these experiments were erroneous, and that 
the results obtained are to be ascribed to the impurity of the 
substances employed. The sebacic acid is evolved by. the” 
action of heat upon the fat. 

Fat is insoluble in water, alcohol, ne ether. The strong 
acids dissolve and gradually decompose it. With. the alkalies 
it combines and forms soap. | 

When a little nitric acid is poured on fat, and a ‘moderate 
heat applied, the acid deposits its oxygen, and converts the 
fat into a yellow-coloured ointment, which Fourcroy considers 
as an oxide of fat, and which is said to have been employed 
with great success in France in external venereal affections. 
A portion of saclactic acid is formed by the action of the 
nitric acid. Fat dissolves a little sulphur and phosphorus. 
The phosphorus is speedily converted into phosphorous acid. 
According to Vogel the mercury in the medicinal preparations 
made by triturating mercury and fat is in the metallic state.* 

The rancidity of fat is to be ascribed to the same cause as 
the pip i of the fixed oils. : 

Tran on, 2e Lain oil.—This liquid is extracted from the blubber of 
lke wale: ‘and from other fish. It forms a very important 
article of commerce, being employed for combustion in lamp 
and for other purposes. It is at first thick; but on standin, 

a white mucilaginous matter is deposited, and the oil becomes 
transparent. It is then of a reddish brown colour, and has 4 
disagreeable smell. If it be agitated with .a little sulphuric 
acid, and then mixed with water, the oil, when allowed ‘to 
settle, swims on the surface, of a much lighter colour than be- 
fore, the water continues milky, and a curdy matter is ob- 


* Ann. de Chim, lvili. 154. 
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has been employed for purifying the oil, to make it more pro- 
per for burning in lamps. Various other methods have been 
employed. ‘The most important are those recommended by 
Mr. Dossie.* 

Train oil boils when heated to the temperature of 640°. If 


| it be distilled over, it loses much of its viscidity, and acquires 


the property of boiling when heated to 410°. By passing it 


_ through an iron pipe filled with fragments of pounded brick 
heated to redness, it is converted into a highly volatile oil, 
which boils at 180° and burns as readily as ether. This oil is 
limpid and colourless, very fluid, has a strong smell, and is 
‘known in chemistry by the name of Dippel’s oil, because it 


was first prepared by that chemist. The constituents of train 


- oil according to my experiments, are as follows: 


One grain of it when passed through red hot peroxide of 
Copper, is converted into 5°43 cubic inches of carbonic acid 


gas, and 1:45 grains of water. Now 


Carbon in 5°43 cubic inches carbonic acid gas = 0°6887 ot. 
_ Hydrogen in 1:45 grains of water = 01610 
Oxygen to make up the weight = 0°1503 


Total = 1:0000 


| But ‘6887 gr.carbon = 6 volumes or 12 atoms = 9:000 


1610 gr. hydrogen = 8°5 volumes 17 atoms = 2125 
"1503 gr. oxygen’. = 0°5 volume 2 atoms = 2°000 


Weight of an atom of whale oil = 13:125 


orto a multiple of thatnumber. From Chevreul’s experiments 
on soap, it is probable that the true weight of an atom of 


i 


whale oil is thrice the preceding number. 

When whale oil is distilled over its specific gravity is re- 
duced from 0°9191, the specific gravity of common whale oil, 
to 0°8680. A grain of it passed through red hot peroxide 
of copper is converted into 5°535 cubic inches of carbonic acid 


gas, and 1-3 grains of water. Hence its constituents are 


Carbon 0°702 or 12 volumes or 13 atoms = 9-000 
_ Hydrogen 07144 15 volumes 15 atoms = 1°875 
Oxygen 0°156 4 volume 2 atoms = 2:0000 


oe 


: 1°000 12°875 
Thus it seems to have lost only two atoms of hydrogen. 


* See Phil. Mag. xv. 105; and the Transactions of the Society for the 
Encouragement of the Arts, vol. xx. , 
VOL. IV. 2F 
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The specific heat of whale oil is 0°5302.. When heated 
from 60° to 450 in glass, it expands ae not taking into 
account the expansion of glass. 

3. Spermaceti oil—This is the oil which separates from 
spermaceti during the purification of it. It is much purer 
than train oil, and therefore answers better for burning in 
lamps. | . 

4. Butter possesses all the characters of a fixed oil; but as 
it is not found ready formed in any animal substance, the 
detail of its properties belongs to the next Chapter. 

5. Oil of ants.—Margraff obtained this oil by macerating 
the formica rufa in water, and distilling off one-half of the 
liquid. The oil was found swimming upon the surface of the 
water in the receiver. It is liquid, and dissolves completely 
in alcohol. Its taste is not hot, but it has a peculiar smell. It 
appears to be intermediate between fixed and volatile oils in 
its properties.* ! 

6. Though all the oily bodies found in animal substances 
belong to the class of fixed oils, yet there is a peculiar volatile 
oil which makes its appearance, and which is doubtless formed 
during the distillation of different animal bodies. Though 
this oil has now lost that celebrity which drew the attention of 
the older chemists to it, yet. as its properties are peculiar, a 
short account of it will not be improper. It is usually called 
the animal oil of Dippel, because that chemist. first drew the 
attention of chemists to it. It is commonly obtained from the 
gelatinous and albuminous parts of animals. ‘The horns are 
said to answer best. ‘The product of the first distillation is to 
be mixed with water, and distilled with a moderate heat; the 
oil which is first obtained is the animal oil of Dippel. 

It is colourless and transparent; its smell is strong an 
rather aromatic; it is almost as light and as volatile as ether; 
water dissolves a portion of it; and it changes syrup of violets 
green, owing, as is supposed, to its containing a little am 
monia. ‘The acids all dissolve it, and form with it a kind of 
imperfect soap. Nitrous acid sets it on fire. It forms with 
alkalies a soap. Alcohol, ether, and oils unite with it. When 
exposed to the air-it becomes brown, and loses its trans- 
parency. It was formerly used as a specific in fevers.t 


* Margraff, Opusce. i. 291. 
-+ See the experiments of Model and Dehne. 
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SECT. XIII. 


OF ANIMAL RESINS. 


SuBsTANCEs resembling resins are found in different ani- 
mal bodies; and which, for that reason, may be called animal 
vesins. ‘Their properties are somewhat different from the ve- 
_getable resins, but they have not been all examined with 
precision. The following are the most remarkable of these 
substances : 
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Chap. If. 


1. Ambergris.—This substance is found floating on the sea, Ambergris 


_near the coasts of India, Africa, and Brazil, usually in small 
pieces, but sometimes in masses of 50 or 100 pounds weight. 
_Various opinions have been entertained concerning its origin. 
Some affirmed that it was the concrete juice of a tree; * 
others thought it a bitumen; but it is now considered as 
pretty well established, that it is a concretion formed in the 
stomach or intestines of the physeter macrocephalus, or sper- 
_maceti whale.t+ 
Ambergris when pure is a light soft substance which swims 
on water. Its specific gravity varies from 0°78 to 0°92, ac- 
_cording to Brisson: Bouillon La Grange, who has published 
an analysis of it, found its specific gravity from 0-849 to 
-0°844.¢ Its colour is ash-grey, with brownish-yellow and 
white streaks. It has an agreeable smell, which improves by 
_keéeping. Its taste is insipid. 
_ When heated to 122° it melts without frothing; if the 
heat be increased to 212°, it is volatilized completely in a 
white smoke, leaving only a trace of charcoal. When dis- 
tilled, we obtain a whitish acid liquid and a light volatile oil; 
_.a bulky charcoal remains behind. § 

It is insoluble in water. Acids have little action on it. 
_ Weak sulphuric acid occasions no change; but when con- 
-centrated it developes a little charcoal. Nitric acid dissolves 

it, giving out at the same time nitrous gas, carbonic acid, and 
| azotic gas. A brownish liquid is formed, which leaves, when 
evaporated to dryness, a brittle brown substance, possessing 
_ the properties of a resin. The alkalies dissolve it by the as- 


* See the New Abridgement of the Phil. Trans. 11. 89. 
+ See Phil. Trans. vols. xxxiil. xxxvill. and XC. 
t Ann. de Chim. xlvi1. 73. 
§ Bouillon La Grange, Ann. de Chim. xlvii. 73. 
a 
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Book V. sistance of heat, and forma soap soluble in water. Both the 


Analysis. 


Canstitue 
enfs. 


Propolis. 


fixed and volatile oils dissolve ambergris. It is soluble also 
in ether and alcohol.* 
When 100 parts of ambergris are macerated for 24 hours 


in 16 parts of alcohol, the liquid assumes a deep yellow co- 


lour. By repeating the pracess, the alcohol takes up the 
whole that is soluble. Hot alcohol dissolves the rest, ex- 


cept a little charry matter easily separated by filtration. It_ 


weighs 54 parts. ‘The cold infusions of alcohol being eva- 


porated to dryness, there remains a brown brilliant substance, 
which is readily melted by heat, and which volatilizes com- 
pletely when put upon hot charcoal. This substance possesses 
the properties of a resin. ~ It amounts to 30°8 parts. It is 
precipitated from alcohol by water, leaving a portion of ben- 
zoic acid, which may be likewise separated from ambergris by 
heat, and by the usual process by which it is extracted from 
benzoin. It amounts to 11‘1 parts. When the hot alcohol 
infusion is allowed to cool, it lets fall the portion of ambergris 
which it held in solution. This substance is of a pale-yellow 
colour, and easily softens by heat. When slowly cooled, it 


assumes a lamellar form. It possesses the properties of the 


fatty matter into which the muscles are converted by nitric — 


acid, and which makes its appearance when dead bodies are 


allowed to putrefy in great numbers together. This substance — 


has been distinguished by the name of adipocire, from its re- 
semblance both to fat and wax. ‘The quantity of it in am- 
bergris amounts to 52°8 parts. Such is the analysis of amber- 


gris made by Bouillon La Grange. This substance, —_ 


according to that chemist, is composed of 


52:7 adipocire 


30°8_ resin? ay 


11‘1 benzoic acid 
5°4 charcoal 


100°0¢ 


But Bucholz, who subjected ambergris to a later examina- 


een. 


tion, was unable to extract any benzoic acid from it. He 


considers it as a peculiar substance. + 
2. Propolis. This is a substance collected by bees newly 


* Bouillon La Grange, Ann. de Chim. xlvii. 75. 
ft Ann. de Chim. xlvii. 80. t Ibid. Ixxiii, 95, 
« 
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| placed in a hive. They employ it to cover the bottom of the chap.t. 

hive, and to coat over all foreign substances which ‘are too 

| heavy to be removed. The bees bring it on their legs and 

| feet; to which it adheres so strongly that the insect cannot 

| extricate itself; but its associates pull it off with their jaws, 

and apply it to immediate use. It is probably a vegetable 

| production; but as this is not known for certain, and as it is 

_ prepared by animals, I have reserved an account of its pro- 
perties for this place. Vauquelin has subjected it to a che- 

) mical analysis. 

It is at first soft and ductile, but it gradually hardens and Properties. 
becomes solid. In large masses it appears blackish; but in 
thin pieces it is semitransparent. The heat of the fingers is 
sufficient to soften it, and give it the ductility of wax; but it 
is more ropy and tenacious. It is tasteless, but has an aro- 
matic odour similar to that of the balsam of Peru. When 
macerated in alcohol, it tinges the liquid of a deep red colour; 
and by repeating the maceration, the portion soluble is sepa- 
rated. Boiling alcohol dissolved another portion of it; and 
by repeated decoctions 100 parts of propolis were reduced to 
14, which consisted of extraneous bodies. AH the alcoholic 
solutions were mixed and passed through a fine strainer, 

which separated the portion that precipitated as the decoc- 
tion cooled. The substance, when properly dried, possessed 

' the properties of wax. The alcohol was now concentrated by 

distillation, then mixed with water, and boiled. A resinous 

| Taass was obtained of a red-brown colour, semitransparent, 

and very brittle. It weighed 57 parts. The water in which 

‘it had been boiled pontauien an acid, probably the benzoic. 

| By distillation the resinous matter yielded a volatile oil, and 

became harder. This resin is soluble in fixed and volatile 

_ oils, and yery similar in its properties to the resin of balsam 

/ of Peru. Thus 100 parts of propolis contain 

57 resin Constitu- 

14 wax ants. 
14 impurities 

15 acid and loss 


ere 


100 * 


§. Castor. "This substance is obtained from the beaver. Castor. 
In each of the inguinal regions of that animal there are two 


* Nicholson’s Jour. v. 48. 
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bags, a large and:a small. The large one contains the true 
castor; the small one 4 substance which has some resemblance 
to it, but which is in much less estimation: We are indebted 
to Bouillon La Grange for a set of experiments on it.* 

Castor is of a yellow colour; and when newly taken from | 
the animal it is nearly fluid. But by exposure to the atmos-. 


phere it gradually hardens, becomes darker coloured, and ~ 


assumes a resinous appearance. Its taste is bitter and acrid, 
and its odour strong and aromatic. In water it softens, and 
nee the liquid of a pale-yellow colour. ‘The infusion gives 

a green colour to vegetable blues, and contains an alkali. 
By long continued maceration a deeper coloured infusion is 
obtained, which yields a dry extract of a tortoiseshell colour, 
soluble in ether and alcohol. Water precipitates a resinous 
substance from the alcohol. ‘From the analysis of Bouillon: 
La Grange, we learn that castor contains the following in- 


eredients ; 
; Guihonate of potash. 


. Carbonate of lime. 
. Carbonate of ammonia. 
Tron. 
Resin. 
A mucilaginous extractive matter. 
A volatile oil. 
The properties of the resin are analogous to those of the resin” 
of bile. 
4, Civet.—This substance, like the fn is obtained from 
the inguinal region of the ctvet-cat. It is squeezed out of the 
cavity where it is secreted every other day. It is employed ' 


opeesr 


as a perfume, but has not hitherto engaged the attention of 


chemists. Its colour is yellow; its consistence that of butter; * 
its smell so strong as to be agreeable only when much reduced | 
by mixture with other bodies. It unites readily with oils, but 
is said not to dissolve in alcohol. In that case it ought to be 
excluded from the class of resinous bodies. 

Musk.—This substance is secreted into a kind of bag © 
situated in the umbilical region of the quadruped called — 
moschus moschifer. Its colour is brownish-red ; it feels unctu- 
ous; its taste bitter; and its smell aromatic and intensely 
strong. It is partially soluble in water, which acquires its 
smell; and in alcohol, but that liquid does not retain the 
odour of musk. © Nitric and sulphuric acids dissolve it, but 

* Jour. de Phys, xlit. 
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| destroy the odour. Fixed alkalies develope the odour of am- chap. ‘ 
-monia. Oils do not act on it. At a red heat it has the “~~~ 
same fetid smell as urine.* Its component parts have not been 
ascertained, _ > 

6. The formica rufa, or red ant, contains also a peculiar 

- resin, as has been-proved by Fourcroy and Vauquelin.+ 


SECT. XIV. 


OF SULPHUR AND PHOSPHORUS. 


_TueseE two simple combustibles constitute a part of many 
animal substances; but in what state of combination they exist 
- in them has not been ascertained. All that can be done there- 
| fore at present is to mention some of the bodies from which 
_ they may be separated. 
-1. Sulphur seems to be a never-failing attendant on albu- guiphur. 
} men, in whatever part of the body that substance exists as a 
| constituent. Scheele ascertained its presence in the white of 
| an egg and in milk; + Parmentier and Deyeux in the blood ;§ 
Proust in urine and feces, in the muscles, in hair, &c. and 
he has made it probable that sulphur is mixed with the mat- 
ter which is transpired from the body.|| This chemist in- 
| forms us, that in the blood it is combined with ammonia in 
the state of hydrosulphuret of ammonia; but whether it be 
| in the same state in other parts of the body is not known. 
2. Phosphorus exhales from different animal bodies Guring phosphorus. 
| putrefaction in the state of phosphuretted hydrogen gas, and 
of course must have been a constituent part of these bodies. 
The luminous appearance which some animals exhibit seems, 
in several instances, to be owing to the presence of this very 
combustible substance: but the experiments hitherto made 
upon these animals are not sufficiently decisive. 


SECT. XV. 
OF ACIDS. 


_Tue acids which have been discovered ready formed, and Acids. 
constituting a part of animal bodies, are the following: 


* * Neumann. + Phil. Mag. xv. 148. 
{ Scheele, ii: 57.. § Jour. de Phys. xliv. 437. 
||; Ann. de Chim, xxxvi. 258: 
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Phosphoric. 


Sulphario, 


Muriatic. 


Carbonic. 


Benzoie. 


ANIMAL SUBSTANCES. 


1. Phosphoric. 8. Arniotic. 
2. Sulphuric. 9. Oxalic. 
3. Muriatic. 10. Formic. 
4, Carbonic. 11. Acetic. 
5. Benzoic. : 12. Malic.’ 
6. sUrics: 13. Lactic. 
7. Rosacic. 14. Silica. 


1, The phosphoric acid is by far the most abundant of all 
the acids found in animals. Combined with lime, it consti- 
tutes the basis of bone; and the phosphate of lime is found 
in the muscles and almost all the solid parts of animals; 
neither are there many of the fluids from which it is absent. ; 
In the blood, phosphoric acid is found combined with oxide. 
of.iron; and in the urine it exists in excess, holding phos~. 
phate of lime in solution. 

2. Sulphuric acid has been shown by Berzelius to be a con- 
stant ingredient of urine. It is a very common constituent 
of the liquid contents of the inferior animals. Thus sulphate 
of soda.is found in the liquor of the amnios of cows, and sul~ 
phate of lime occurs usually in the urine of quadrupeds. "| 

3. Muriatic acid occurs in most of the fluid animal sub-: 
stances, and is almost always combined with soda, cone attra 
common salt. 

4, Carbonic acid has been detected in fresh human urine 
by Proust, and it occurs in the urine of horses and. cows. 
abundantly, partly combined with lime. 

5. Benzoic acid was first discovered in human urine by” 
Scheele; and F ourcroy and Vauquelin have found it abun-— 
dantly in the urine of cows. Proust. has detected it in the 
blood, the albumen of an egg, in glue, silk, and wool, in the 
sponge, different species of algae, and even in mushrooms,, | 
This chemist even thinks it probable that it is a constituent of. 
all substances which contain azote.* Or more probably it is 
formed during the action of reagents on these substances. : 

6. Uric or lithic acid was discovered by Scheele in 1776. 
It is the most common constituent of urinary calculi, and 
exists also in human urine. That species of calculus, which © 
resembles wood in its colour and appearance, is composed en-. 
tirely of this substance. It was called at first lithic acid; but? 
this name, in consequence of the remarks made by Dr, Pear- 


* Ann de Chim. xxxvi, 272. 
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son on its impropriety, has been laid aside, and that of wric Chap. I. 
acid substituted in its place.* ay ound 
| 7. Rosacic. During intermittent fevers urine deposits a Rosacic. 
_ very copious precipitate, which has been long known to phy- 

- sicians under the name of lateritious sedimeut. This sediment 

» always makes its appearance at the crisis of fevers. In gouty 
people, the same sediment appears in equal abundance to- 
wards the end of a paroxysm of the disease; and if this sedi- 

ment suddenly disappears after it has begun to be deposited, 

| afresh attack may be expected.+ Scheele considered this 
sediment as uric acid mixed with some phosphate of lime; 

and the same opinion has been entertained by other chemists: 

but Proust affirms that it consists chiefly of a different sub- 
stance, to which he has given the name of rosacic acid from 

its colour, mixed with a certain proportion of uric acid and 
phosphate of lime. This rosacic acid, he informs us, is 
distinguished from the uric by the facility with which it dis- 
solves in hot water, the violet precipitate which it occasions 

in muriate of gold, and by the little tendency which it has to 
crystallize. 

8. Amniotic acid has been discovered by Vauquelin and ‘amniotic. 
Buniva in the liquor of the amnios of the cow, and may be 
obtained in white crystals by evaporating that liquid slowly.: 
Hence they have given it the name of amniotic acid. It is of 
_awhite and brilliant colour; its taste has a very slight degree 

| of sourness ; it reddens the tincture of turnsole ; it is scarcely 
'soluble in cold water, but very readily in hot water, from 
which it separates in long needles as the solution cools, It is 
soluble also in alcohol, especially when assisted by heat. It 
combines readily with pure alkalies, and forms a substance 

| which is very soluble in water. The other acids decompose 

this compound; and the acid of the liquor of the amnios is 
/precipitated in a white crystalline powder. This acid does: 

| not decompose the alkaline carbonates at the temperature of 

_the atmosphere, but it does so when assisted by heat. It does 

not alter solutions of silver, lead, or mercury, in nitric acid. 

| When exposed to a strong heat it froths, and’ exhales an 
odour of ammonia and of prussic acid. -These properties are 
sufficient to show that it is different from every other acid. 


— 
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* Dr. Pearson rather chooses to call it uric oxide. 
t Cruickshanks, Phil. Mag. 11. 249. 


Aun, de Chim. xxxvi. 265. 
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It approaches nearest to the saclactic and the uric acids; but 
the first of these does not furnish ammonia by distillation like 
the amniotic; the uric acid is not so soluble in hot water as 
the amniotic; it does not crystallize in white brilliant needles, 
and it is insoluble in boiling alcohol: in both which respects 
it differs completely from amniotic acid.* 

9. Oxalic acid has been found only in a species of urinary 
calculi first analysed by Dr. Wollaston. 

10. Formic acid has been hitherto found only in the formica 
rufa, or red ant. The details have been already given in a 
preceding part of this work. : 

11. Acetic. This acid exists in the formica rufa, or red ant, 
as has been demonstrated by the experiments of Fourcroy and 
Vauquelin. 

12. Malic acid. This acid has been detected by Fourcroy — 
and Vauquelin in the acid liquid obtained from the formica 
vufa. When this liquid is saturated with lime, if acetate of 
lead be dropped into the solution, a copious precipitate falls, 
which is soluble in acetic acid. Fourcroy and Vauquelin ex-_ 
posed the precipitate to the proper trials, and ascertained that _ 
it was malate of lead. 

13. Lactic acid has been shown by Berzelius to exist in 
urine, milk, and all the fluids of the animal body. : 
- 14. Silica has not hitherto been detected in any of the com-_ 
ponent parts of animals, except hair; but Fourcroy and Vau-_ 
quelin found it in urinary calculi. 

Besides the acids enumerated above, several others have been — 
mentioned by chemical writers. The truth is, that a variety 
of acid liquors have been observed in animals; but as these 
have not been examined, we do not know whether they are pe- 
culiar substances, or merely some of those already enumerated. ‘ 
Chaussier, in 1781, pointed out an acid in the silk worm, © 
which has been called bombic acid. But the list of its pro-— 
perties which he has given is altogether insufficient to consti- 
tute it a peculiar substance ; and all subsequent accounts of it. 
which I have seen are mere repetitions of the original paper. 
Dehne obtained an acid from the insects called meloe prosca- 
rabeus and majalis. Chaussier obtained an acid from the 
grasshopper and the bug. In short, acids are obtained from 
many of the insect tribe ; and from the experiments published, 
it is extremely probable that in most of these insects the acid 
is the acetic. | 

* Ann. de Chim, xxxiii, 279. 1 Mem. Dijon, 1783, ii. 70. 
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SECT. XVI. 
OF ALKALIES, EARTHS, AND METALS. 


I. Aut the alkalies have been found in the fluids of animals, chap. 1. 
1. Potash is rather uncommon in the human fluids; but it py 
| has been detected in the milk of cows, and it has been found 
/ abundantly in the urine of quadrupeds. 
2. Soda exists in all the fluids, and seems always to be com- soaa. 
| bined with albumen. Phosphate and muriate of soda are also 
found. It is this alkali which gives animal fluids the property 
of tinging vegetable blues green. 
+. Ammonia has been detected by Proust in urine; and it Ammonia. 
is formed in abundance during the putrefaction of most animal 
bodies. 
II. The only earths hitherto found in animals are lime and 
magnesia. 
_ 1. Lime exists in great abundance in all the larger animals. vime. 
Combined with phosphoric acid, it constitutes the basis of 
bones, while shells are composed of carbonate of lime. Phos- 
phate of lime is found also in the muscles and other solid 
parts, and it is held in solution by almost all the fluids. 
2. Magnesia has been detected in human urine by Four- magnesia. 
croy and Vauquelin, combined with phosphoric acid and am- 
monia. It constitutes also sometimes a component part of 
- urimary calculi. 
The metals found in animals are two; pany iron and 
" manganese. 
1. Iron combined with phosphoric acid is a constituent part tron. 
of the blood. Its presence was first ascertained by Manghini, 
_ who proved ‘at the same time that it does not exist in the solid 
_ parts of animals. It is said to exist also in bile. 
2. Manganese has been found in human hair, but scarcely Manganese. 
in any other animal substance. 


SECT. XVII. 
- OF ANIMAL PRINCIPLES IN GENERAL. 


Sucu are the properties of all the animal substances hitherto 
detected and accurately examined. They are by no means so 
numerous as the vegetable principles, owing in all probability to 
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Book v. the chemical examination of animals having been hitherto con- 
—v— fined to a small number, while a much more extensive range 


Substauces 
omitted. 


Simple sub 


stances 
found in 
auimals. 


has been taken in the vegetable kingdom. The inferior ani- 
mals, if we except a few insects, have attracted but little of the 
attention of chemists. I confess, too, that I have omitted on 
purpose an account of several principles which are well known 


‘to exist in the animal kingdom, merely because we know 


nothing so precise about their chemical properties as to enable 
us to class them properly. I may mention, as an example, 


the colouring matter of the shell-fish with which the ancients. 


dyed their purple. The reader will find a very full and inter- 
esting account of all that we know respecting this substance 
in Dr. Bancroft’s Philosophy of Permanent Colours. I may 
mention also the liquor emitted by the ink fish. 


Almost the whole of the soft parts of animal bodies consist 


of albumen, fibrin, and oil; while the bases of the hard parts 
is either phosphate or carbonate of lime. The other animal 
principles occur only in small quantities, and. particular parts 
of the animal. ‘The oils seldom enter into the structure 
of the organs of animals: they serve rather to lubricate the 


different parts, and to fill up interstices. Gelatin is insoluble 
in cold water, albumen insoluble in hot, and fibrin insoluble’ 


both in cold and hot. The constituents of these three bodies, 
and of nephrin, according to the best analyses of them hitherto 
made, are as follows: 


Atoms of 
Carbon. Oxygen, Hydrogen, Azote. 
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The colouring matter of blood approaches albumen in many 
of its properties; but it seems entirely destitute of azote. | 


The simpie bodies of which the animal principles consist are, 


the following: 
1. Azote. 8. Soda. 
2. Carbon. 9. Potash, 
3. Hydrogen. 10. Muriatic acid. 
4. Oxygen. 1]. Magnesia. 
5. Phosphorus. — 12. Silica. 
6. Lime. 13. fron. 
7. Sulphur. 14. Manganese. 


PARTS OF ANIMALS. 
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_ Of these, magnesia and silica may in a great measure be Chapt 
considered as foreign bodies: for they are only found in ex- 


ceedingly minute quantities. The principal elementary ingre- 
dients are the first six: animal substances may be considered 
as in a great measure composed of them. The first four con- 
stitute almost entirely the soft parts, and the other two form 


_ the basis of the hard parts, But we shall be able to judge of 


this much better after we have taken a view of the various 
parts of animals as they exist ready formed in the body. This 
shall be the subject of the next Chapter. 


CHAP. II. 


OF THE PARTS OF ANIMALS. 


_ Tue different substances which compose the bodies of ani- solids. 
mals may be arranged under the following heads : 


1. Bones and shells. 7. Glands. 
2. Horns and nails. 8. Brain and nerves. 
_ 8. Muscles. 9. Marrow. 
4, Skin. 10. Hair and feathers. 
_ 5. Membranes. 11. Silk and similar bodies. 


6. ‘Tendons and ligaments. 


Besides these substances, which constitute the solid parts of 
the bodies of animals, there are a number of fluids, the most 
important of which are the chyme and chyle, liquids separated 
irom the food in the stomach and intestines for the purpose of 
nourishing the animal and the blood into which these liquids 
are finally converted. The rest are known by the name of se- 
cretions, because they are formed or secreted, as the anatomists 
term it, from the blood, The principal animal secretions are 
the following: | 


1, Milk. 9. Humours of the eye. 
2. Eggs. 10. Mucus of the nose, &c. 
3. Saliva. 11. Sinovia. 

4. Pancreatic juice. 12. Semen. 

5. Bile. 13. Liquor of the amnios. 
6. Cerumen. ' 14. Poisonous secretions. 
7. Tears. 15. Air. 

8. Liquor of the pericar- 


dium. 


Fluids. 
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Bookv. Various substances are separated either from the blood or 
the food, on purpose to be afterwards thrown out of the body 
as useless or hurtful. These are called excretions. ‘The most 
important of them are, 2 


“1. Sweat. 2. Urine. 3. Feeces. 


Besides the liquids which are secreted for the different pur=_ 
poses of healthy animals, there are others which make their 
appearance only during disease, and which may therefore be 
called morbid secretions, ‘The most important of these are the 
following : 

Morbid se- 1. Pus. 
Wen 2. The liquor of dropsy. 
3. The liquor of blisters. 


To these we must add several solid bodies, which are occa- 
sionally formed in different cavities in consequence of the dis- 
eased action of the parts. ‘They may be called morbid concre- 
tions. ‘The most remarkable of them are the following : 


Morbid con- 1. Salivary calculi. 

ee . Concretions in the lungs, liver, brain, &c. 
. Intestinal calculi. 

; Rak calculi. 

. Urinary calculi. 

6. Gouty calculi. 


oI & oO SO 


These different substances shall form the subjects of the fol- 
lowing sections : 


SECT. I. 
OF BONES, SHELLS, AND CRUSTS. 
| 
Bone, | By bones are meant those hard, solid, well-known substances, 
wiat. to which the firmness, shape, and strength of animal bodies 


are owing; which, in the larger animals, form as it were the 
ground work upon which all the rest is built. In man, in qua~ ; 
drupeds, and many other animals, the bones are situated below 
the other parts, and scarcely any of them are exposed to view; 
but shell-fish and snails have a hard covering on the outside of 
their bodies, evidently intended for defence. As these cover- 
ings, though known by the name of shells, are undoubtedly of 
a bony matter, I shall include them in this Section. For the 

very same reason, it would be improper to exclude egg-shells, 
and those coverings of certain animals, the lobster for instance, 
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__-known by the name of crusts. The solid substances belonging Chap, 1. 


to that class of bodies usually distinguished. by the name 
_ xoophites, may be included likewise without impropriety in this 
Section. As these different substances, though they belong to 
the same genus, are notwithstanding distinguished by peculiar 
properties, I shall consider each set separately. 


I. BONES. 


The bones are the most solid part of animals. Their tex- 
ture is sometimes dense, at other times cellular and ‘porous, 
_ according to the situation of the bone. They are white, of a 
lamellar structure, and not flexible nor softened by heat. Their 
‘specific gravity differs in different parts. That of adults’ teeth 
is 22727; the specific gravity of children’s teeth is 2-0833.* 
It must have been always known that bones are combustible, 
and that when sufficiently burnt, they leave behind them a 
white porous substance, which is tasteless, absorbs water, and 


Properties. 


has the form of the original bone. The nature of this sub- uistory. 


stance embarrassed. the earlier chemists. Beccher observed, 
that in a very violent heat it underwent a kind of fusion, and 
assumed an appearance analogous to that of porcelain. It was 
afterwards considered as a peculiar earth, and distinguished 
by the name of animal earth or earth of bones. Some chemists 
considered it as the same with lime; but the difference be- 
_ tween it and that earth was too well marked to allow that opi- 
nion to gain ground. It had been long known that bones 
yielded a gelatinous substance when boiled in water; they had 
even been employed in the manufacture of glue. Hence it 
was obvious that they contained gelatin. It had been observed, 
that all acids had the property of softening them by dissolving 
their earthy and gelatinous constituents; and that when 
thus softened they resembled cartilage. These facts must 
have been known at a very early period, and afforded chemists 
some data for estimating their constituents. | 
In 1771, Scheele mentioned, in his: dissertation on fluor 
spar, that the earthy part of bones is phosphate of lime.t 
This discovery was the first and the great step towards a che- 
mical knowledge of the composition of bones. Afterwards 
some new facts were made known by Berniard, Bouillon, and 


* Pepys, Fox on the Teeth, p. 99. 
tT The discoverer of this fact was Assessor Gahn of Fahlun, who however 
never published it himself. | 
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Book V. 


Constitu- 
ents. 


1. Earthy 
salts. 
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Rouelle: but for by far the most complete analyses which have 
hitherto appeared we are indebted to Mr. Hatchett,* to Four= 
croy and Vauquelin,+ and to Berzelius. { 

The component parts of bones are chiefly four; namely, 
the earthy salts, fat, gelatin, and cartilage. 

1. The earthy salts may be obtained either by calcining the 
bone to whiteness, or by steeping it for a sufficient length of 
time in acids. In the first case, the salts remain in the state 
of a brittle white substance; in the second, they are dissolved, 
and may be thrown down by the proper precipitants. ‘These 
earthy salts are four in number: 1. Phosphate of lime, which 
constitutes by far the greatest part of the whole. 2. Car- 
bonate of lime. 3. Phosphate of magnesia, discovered by 
Fourcroy and Vauquelin. It occurs in the bones of all the 
inferior animals examined by these indefatigable chemists, but 
could not be detected by them in human bones. Berzelius 
however announces its existence in human bones also. 4. Sul- 
phate of lime, detected by Mr. Hatchett in a very minute 
proportion, and shown by Berzelius to be formed during the 
calcination. 

To estimate these substances, calcined bones may be dis- 
solved in nitric or muriatic acid. During the solution car- 
bonic acid gas makes its escape.§ Pure ammonia dropped 
into. the solution throws down the phosphate of lime and 
phosphate of magnesia in the state of a fine powder, readily 
soluble without effervescence in nitric and muriatic acids. 
Nitrate of barytes afterwards causes a small precipitate inso- 
luble in muriatic acid, and therefore consisting of sulphate of 
barytes. Its weight indicates the quantity of sulphuric acid 
in bones, from which the sulphate of lime which they contain 
may be estimated.||_ Carbonate of ammonia now throws down, 
pure carbonate of lime.** These. three constituents were 
found by Hatchett in all the bones of quadrupeds and fish 
which he examined. ‘The carbonate scarcely exceeds the fifth, — 
part of the phosphate, and the proportion of sulphate is still 
smaller. As the proportion of phosphate of lime varies not 
only in different animals, but even in different bones of the 
same animal, and even in the same bone of different ages, no 
precise numbers can be given. ‘To detect and estimate the 


* Phil. Trans. 1799. + Ann. de Chim, xlvii. 244. 
t Afhandlingar, i. 195. 
§ Hatchett, Phil. Trans. 1799, p. 327. \| Ibid. **  Tbid. 
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phosphate of magnesia, F oureroy and Vauquelin employed chap.1t: 


the following simple method: the bone, previously calcined —~— 
and reduced to powder, was treated with its own weight of 
sulphuric acid, and the mixture left to macerate for five or_ six 


days. It was then diluted with water, edulcorated, and filtered. 


‘The filtered liquid was mixed with an excess of ammonia, 


which threw down a mixture of phosphate of lime and am- 
monio-phosphate of magnesia. This precipitate is boiled in 
potash, which decomposes the magnesian salt, and leaves a 
mixture of magnesia and phosphate of lime. This mixture 

is treated with boiling acetous acid, which dissolves the mag- 
nesia, and leaves the phosphate of lime. The acetate of mag- 
nesia is decomposed by carbonate of soda, and the carbonate 

of magnesia obtained is dissolved in sulphuric acid.* 

2. The proportion of fat contained in bones is various. By 2. Fat. 
breaking bones in small pieces, and boiling them for some 


time in water, Mr. Proust obtained their fat swimming on the 


surface of the liquid. It weighed, he says, one-fourth of the 


weight of the bones employed.+ - This proportion appears 


excessive, and can scarcely be accounted for without supposing 

that the fat still retained water. 

’ 3. The gelatin is separated by the same means as the fat, s. qetatia. 
by breaking the bones in pieces and boiling them long enough 

in water. The water dissolves the gelatin, and gelatinizes 


when sufficiently concentrated. Hence the importance of 


bones in making portable soups, the basis of which is concrete 
gelatin; and likewise in making glue. By this process Proust 
obtained from powdered bones about th of their weight of 


gelatin. This celebrated chemist has been at considerable 


' pains to point out the advantage of employing powdered bones 


in the preparation of soups and broths; and Cadet de Vaux 
has published a set of experiments to show, that from bones 


_ thus powdered as much good soup may be obtained as from 
five times their weight of meat.t But when Dr. Young re- 
_ peated this improbable experiment it did not succeed.§ 


4, When bones are deprived of their gelatin by boiling 4.cartitage. 
them in water, and of their earthy salts by steeping them in 


diluted acids, there remains a soft white elastic substance, pos- 


* Ann. de Chim. xlvii. 247. + Jour. de Phys. li. 257. 
¢ Jour. de Chim. iv. 95. Jour. of the Royal Institut. ii. 18. 
§ Ibid. p. 25. 


VOL. IV. 26 


450 


PARTS OF ANIMALS. 


Book v. sessing the figure of the bones, and known by the name of 


cartilage. From the experiments of Hatchett, it appears that 

this substance has the properties of coagulated albumen, 
Like that substance, it becomes brittle and semi-transparent 

when dried, is readily soluble in hot nitric acid, is converted 

into gelatin by the action of diluted nitric acid ; for it 1s soluble 

in hot water, and gelatinises on cooling, and ammonia dissolves 
it and assumes a deep orange colour. Like coagulated albu 
men, it forms an animal soap with fixed alkalies.* Berzelius 

found its weight about one-third of the whole bone. 

This cartilaginous substance is the portion of the bone first 
formed. Hence the softness of these parts at first. The phos- 
phate of lime is afterwards gradually deposited, and gives the 
bone the requisite firmness. The gelatin and fat, especially 
the first, give the bone the requisite degree of toughness and 
strength ; for when they are removed the bone becomes brittle. — 
The relative proportion of phosphate of lime and cartilage ~ 
differs exceedingly in different bones and in different animals. 

Merat-Guillot + a good many years ago published a com- 
parative analysis of the bones of a great number of animals. 
But Berzelius found these resulis quite inaccurate. The dif- 
ferences between the composition of the bones of different ani- 
mals are much smaller than indicated by the table of Merat- 
Guillot. The following table exhibits the composition of 
calcined human bones according to the analysis of Berzelius: 


Phosphate of lime........++--.. 81°9 
Fluate of lime .......cseaseeee FO 
LMG Cie tthe ces nen fees atest 
Phosphate of magnesia ......... 1°1 
OGL hile. ¢ tin ncale akin eave eta wine! Ahan Ue 
CALDONIG HACIA \a toys ete seine egal pe . 


100°0 ¢ 


: 


' 

One hundred parts of fresh bones are reduced by calcinas 

tion to 63 parts. ' 

Ox bones, according to the analysis-of Fourcroy and Vau- 
quelin, are composed of 


* Phil. Trans. 1800. 
+ Ann. de Chim. xxxiv. 71. 
+ Gehlen’s Jour. Second Series, iii. 1. 


rats 


According to the analysis of Berzelius, ox bones are com- 


posed of © 


From the calcined bones of horses and sheep, fowls, and 
fishes, Fourcroy and Vauquelin extracted about =},th part of 
‘phosphate of magnesia. 
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Solid gelatin 64 286 itae SO 
Phosphate of lime ..... 37°7 
Carbonate of lime ..... 10°0 
Phosphate of magnesia... 1°3 


Ss we 


100°0 * 


Cartilage O0... aT aS eh ee HE REY 
Phosphate of: limé’’. .°.)'.'0.. 6 55°38 
Fluate of lime..... RR a BA) 


Phosphate of magnesia ...:.. 2°05 
Soda with a little common salt. 2°45 


100:00 + 
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Chap, II. 


The only bone hitherto observed altogether destitute ‘of Enamel. 


Cartilage is the enamel of the teeth. When the raspings of 
bones are steeped in diluted acids, the cartilage alone remains 
undissolved. Now, when the raspings of enamel are treated 
in this manner, Mr. Hatchett observed that the whole was 


dissolved without any residuum whatever.t If we believe 


yee ame’ - 


But the most complete analysis of teeth has been made by 
| Mr. Pepys, and his results agree exactly with those of 
He found the enamel of the teeth composed of 


- Hatchett. 


#* Ann. de Chim. xlvii. 258. 
{ Phil. Trans. 1799, p. 328. 


‘Fourcroy and Vauquelin, the enamel of the teeth is com- 
posed of 


Phosphate of lime...... 72°9 
Gelatin and water...... 27°1 


———_—_—. 


100:0 § 


Phosphate of lime........ 78 
Carbonate of lime........ 6 
Loss and water ....-.-ee0+ 16 


100 | 


|| Fox on the Teeth, p. 96. 


24a.2 


+ Djur kemien, ii. 128. 
§ Mem. de I’Instut. ii. 284. 
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BookV.  Berzelius however could not find two per cent. of combus- 
“~— tible matter in the enamel of the teeth. * 
From the analysis of Mr. Pepys, we learn that the teeth 
are composed as follows : + 
Roots of the Teeth of First Teeth 


: Teeth. Adults. of Children. 
Analysis of Phosphate of lime.... 58. s+. « Gh sees 62) 
ae Carbonsteof linies.3 4) oA ist SES O Pw ee 6 


Cartilage ssi o'in'e wise eis 298 aOR B89 eeee 20 
Tass apne hope Se eG Ws be Oe aes 


eer ee awe Paes eae 


100 100 100 


From this analysis, we see that teeth contain more phos- 
phate and less cartilage than bone, and enamel more phos- : 
phate than teeth. 

lt Mr. Hatchett examined likewise fossil bones from the rock 
bones. of Gibraltar. He found them to consist of phosphate of 
‘lime without any cartilage or soft animal part. ‘Their inter- 
stices were filled with carbonate of lime. Hence they re- 
semble exactly bones that have been burnt. They must, then, 
have been acted on by some foreign agent; for putrefaction, 
or lying in the earth, does not soon destroy the cartilaginous 
part of bones. On putting a human os humeri, brought from 
Hythe in Kent, and said to have been taken from a Saxon 
tomb, into muriatic acid, he found the cartilaginous residuum 
nearly as complete as in a recent bone. From the recent ex- 
periments of Morichini,{ Klaproth,§ and Fourcroy and 
Vauquelin, || we learn that fossil ivory and teeth of animals 
frequently contain a portion of fluate of lime. Morichini and 
Gay-Lussac endeavoured to prove that this salt existed even 
in recent ivory, and that the enamel of the teeth was almost 
entirely composed of it.** But the experiments of Wol- 
laston, Brande,t+ Fourcroy and Vauquelin, tt have shown 
that there does not exist any sensible portion of fluoric acic 
in these substances while recent. Berzelius, however, has 
announced that he separated 3 per cent. of fluate of lime from 
fresh teeth, and that he has detected it also in bones, nearly 
in the same proportion. He even affirms that it exists in 


* View of Animal Chemistry, p. 78. + Ibid. 
f Phil. Mag. xxiii. 265. Hier § Gehlen’s Jour, ili. 625. 
|| Phil. Mag. xxv. 265. **® Thidsxx1ii./965. 


tt Nicholson’s Jour. xiii: 216. tf} Phil. Mag. xxv. 266. 
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utine.* And as his experiments appear #0 have been made Chap. 1. 
» with considerable care, it is probable that the results which he 
_ obtained are correct.t 


II. SHELLS. 


| Under the name of shells I include all the bony coverings 

of the different species of shell fish. For almost all the know- 
ledge of these substances that we possess we are indebted to 
the important dissertations of Mr. Hatchett. A few detached 
facts, indeed, had been observed by other chemists; but his 
experiments gave us a systematic view of the constituents of 
the whole class. 

Shells, like bones, consist of calcareous salts united to a soft 
animal matter; but in them the lime is united chiefly to car- 
bonic acid, whereas in bones it is united to phosphoric. acid. 

In shells the predominating ingredient i is carbonate of lime; 
whereas in bones it is phosphate of lime. This constitutes the 
characteristic difference in their composition. 
_ Mr. Hatchett has divided shells into two classes. The first piviaea into ~ 
are usually of a compact texture, resemble porcelain, and have ° "** 
an enamelled surface, often finely variegated. The shells 
belonging to this class have been distinguished by the name 
of porcelaneous shells. ‘To this class belong the various species 
of voluta, cyprea, &c. ‘The shells belonging to the second 
class are usually covered with a strong epidermis, below which 
lies the shell in layers, and composed entirely of the substance 
well known by the name of mother-of-pearl.{ They have 
been distinguished by the name of mother-of-pearl! shells. The 
shell of the fresh water muscle, the haliotis iris, the turbo 
olearius, are examples of such shells. The shells of the first 
_of these classes contain a very small portion of soft animal 
matter; those of the second contain a very large proportion. 
' Hence we see that they are extremely different in their com- 
position. 

1. Porcelaneous shells, when exposed to a red heat, er ackle 1. Poreeta- 
and lose the colour of their enamelled surface. They emit no“ 
smoke or smell; their figure continues unaltered, their colom 
becomes opaque white, tinged partially with pale-grey. They 


_——- - > a 


% Gehlen’s Jour. vi. 591. 
+ His experiments will be found in Gehlen’s Jour. Second Series iii. 2, 


There is an abstract of them in Ann. de Chim. 1xi. 256. 
+ Herissant, Mem. Par. 1766, p. 22. Hatchett, Phil, Trans, 1 p- 
O17. 
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Book v. dissolve when fresly with effervescence in acids, and without 
leaving any residue; but if they have been burnt there re- 
mains always a little charcoal. The solution is transparent, 
gives no precipitate with ammonia or acetate of lead; of 
course it contains no sensible portion of phosphate or sulphate 
of lime. Carbonate of ammonia throws down an abundant 

Composed precipitate of carbonate of lime. Porcelaneous shells, then, 

flime ana consist of carbonate of lime cemented together by a small por- 

alittleJelly. tion of an animal matter, which is soluble in acids, and there-- 
fore resembles gelatin.* 

Patella. Patellee from Madeira, examined by Mr. Hatchett, were 
found, like the porcelaneous shells, to consist of carbonate of 
lime; but when exposed to a red heat they emitted a smell 
like horn; and when dissolved in acids a semiliquid gelatinous 
matter was left behind. They contain therefore less carbonate 
of lime and more gelatin, which is of a more viscid nature 
than that of porcelaneous shells. 

2.Mothe- 2. Mother-of-pearl shells when exposed to a red heat 

*Fpeatls crackle, blacken, and emit a strong fetid odour. They exfo-— 
liate, and become partly dark-grey, partly a fine white. When 
immersed in acids they effervesce at first strongly; but gradu- 
ally more and more feebly, till at last the emission of air-bub- 
bles is scarcely perceptible. The acids take up only lime, and 
leave a number of thin membranous substances, which still 
retain the form of the shell. From Mr. Hatchett’s experi- 
ments, we learn that these membranes have the properties of 

of men. Coagulated albumen. Mother-of-pear! shells, then, are com- 

pean posed of alternate layers of coagulated albumen and carbonate 
oflime. Of lime, beginning with the epidermis, and ending with the 
last-formed membrane. The animals which inhabit these 
shells increase their habitation by the addition of a stratum of) 
carbonate of lime, secured by a new membrane; and as every 
additional stratum exceeds in extent that which was previously 
formed, the shell becomes stronger as it becomes larger. 
Though this in general is the structure of the mother-of- 
pearl shells, yet there is a considerable difference between the 
proportion of the component parts and the consistency of the 
albuminous part. . Some of them, as the common oyster-shell, 
approach nearly to the patella, the albuminous portion being 
small, and its consistence nearly gelatinous; while in others, 
as the haliotis iris, the turbo olearius, the real mother-of-pearl, 


* Hatchett, Phil. Trans. 1799, p. 317. | ¢ Ibid. 
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and a species of fresh water muscle analysed: by Hatchett, the chap. 1. 
membranes are distinct, thin, compact, and semitransparent. * 
Mother-of-pearl contains 


Carbonate of lime .........+.. 66 
Membranes (iiciis sie a's Cees one eo Oe 


a) 


100+ 


Pearl, a well known globular concretion which is formed in pean. 
some of these shells, resembles them exactly in its structure 
and composition. It is a beautiful substance of a bluish-white 
colour, iridescent, and brilliant. It is composed of concentric 
and alternate coats of thin membrane and carbonate of lime. 
The iridescence is obviously the consequence of the lamellated 
structure.{ 

Mr. Hatchett found that what is called the bone of the cutile Bone of the 
fish is exactly similar to mother-of-pearl shells in its composi- “"* 
Be fion.. | 

From the comparative analysis of shells and bones, Mr. 
Hatchett was induced to compare them together, and has 
shown that porcelaneous shells bear a striking resemblance to 
enamel of teeth; while mother-of-pearl shells bear the same 
resemblance to the substance of teeth or bone: with this dif- 
ference, that in enamel and bone the earthy salt is phosphate 
of lime, whereas in shells it is pure carbonate of lime. 


III. CRUSTS. 


By crusts we understand those bony coverings of which the 
whole external surface of crabs, lobsters, and other similar sea 
animals are composed. Mr. Hatchett found them composed 
of three ingredients: 1. A cartilaginous substance, possessing Constitu- 
the properties of coagulated albumen; 2. Carbonate of lime; a 
3, Phosphate of lime. By the presence of this last substance 
they are essentially distinguished from shells, and by the great 
excess of carbonate of lime above the phosphate they are equally 
distinguished from bones. Thus the crusts lie intermediate petween 
between bones and shells, partaking of the properties and Neitioots 
constitution of each. The shells of the eggs of fowls must be 
- referred likewise to the class of crusts, since they contain both 


* Hatchett, Phil. Trans. 1799, p. 517. 
4 Merat-Guillot, Ann. de Chim, xxiv. 71. 
+ Hatchett, Phil. Trans. 1799. 
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phosphate and carbonate of lime. The animal cement in 


them, however, is much smaller in quantity. From the ex- 
periments of Berniard and Hatchett, it is extremely probable 
that the shells of snails are composed likewise of the same in- 


gredients, phosphate of lime having been detected in them 


by these chemists. 

Mr. Hatchett examined the crusts of crabs, lobsters, prawns, 
and cray fish. When immersed in diluted nitric acid these 
crusts effervesced a little, and gradually assumed the form of 
a yellowish-white soft elastic cartilage, retaining the form of 
the crust. The solution yielded a precipitate to acetate of 
lead, and ammonia threw down phosphate of lime. Carbon- 
ate of ammonia threw down a much more copious precipitate 
of carbonate of lime. On examining the crust which covers 
different species of echini, Mr. Hatchett found it to correspond 
with the other crusts in its composition. Some species of star- 
fish yielded a phosphate of lime, others none: hence the 
covering of that genus of animals seems to be intermediate 
between shell and crust. 

With these observations of Mr. Hatchett the analysis of 
Merat-Guillot corresponds. From lobster crust he obtained 


Carbonate of lime ......... 60 
Phosphate of lime ......... 14 
Cartilage cs vewadie tilde cat oe 


100* 
One hundred parts of eray fish crust contain 


Carbonate of lime ......... 60 
Phosphate of lime ......... 12 
Cartila ce.) wliducwuoutc aa thos 


ee 


100+ 
One hundred parts of hen’s egg-shells contain 


Carbonate of lime ......... 89°6 
Phosphate of lime ......... is hiy'g 
Animal matter $0.0... 00.0.0 47 


eee 


100-0t 


* Ann. de Chim. xxniv. 71. 
+ Merat-Guillot, Ann. de Chim. xxxiv. 71. 
$ Vauquelin, ibid. xxix. 6. 
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Dr. John found crab crust composed as follows: Chap. IL. 


Carbonate of lime, about .... 2 
Membrane ...... PA) Vaige! Se estan | 
Phosphate of lime. 

Trace of a muriate. 

Pigment.* 


IV. ZOOPHITES. 


Many of the substances called zoophites have the hardness 
and appearance of shell or bone, and may therefore be inclu- 
ded among them without impropriety. Others, indeed, are 
soft, and belong rather to the class of membrane or horn; but 
of these very few only have been examined. Indeed scarcely 
any chemical experiments have been published on these 
interesting subjects, if we except the dissertation by Hat- 
chett, in the Philosophical Transactions for 1800, which has 
been so often quoted. From this dissertation, and from a 
few experiments of Merat-Guillot, we learn that the hard zoo- 
phites are composed chiefly of three ingredients: 1. An ani- Gompost- 
mal substance of the nature of coagulated albumen, varying “™ 
in consistency ; sometimes being gelatinous and almost liquid, 
at others of the consistency of cartilage. 2. Carbonate of 
lime. 3. Phosphate of lime. 

In some zoophites the animal matter is very scanty, and Divided into 
phosphate of lime wanting altogether; in others the animal “" 
matter is abundant, and the earthy salt pure carbonate of 
lime; while in others the animal matter is abundant, and the 
hardening salt a mixture of carbonate of lime and phosphate 
of lime; and there is a fourth class almost destitute of earthy 
salts altogether. ‘Thus there are four classes of zoophites; the 
first resemble porcelaneous shells, the second resemble mother- 
of-pearl shell, the third resemble crusts, and the fourth horn. 

1. When the madrepora virginea is immersed in diluted 1. compo- 
nitric acid it effervesces strongly, and is soon dissolved. A ‘<4 of ear 
few gelatinous particles float in the solution, which is other- prea 
wise transparent and colourless. Ammonia precipitates mee,” 
thing; but its carbonate throws down abundance of carbonate 
of lime. It is composed, then, of carbonate of lime and a 
little animal matter. The following zoophites yield nearly 
the same results : 


* Chemische Untersuchungen, 1. 54. 


2. Of car- 
donate of 
lime and 
membrane, 


3. Of mem- 
brane, car- 
honate, and 
phosphate. 
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Madrepora muricata. 

— labyrinthica. 
Millepora cerulea. 

- alcicornis. 
Tubipora musica. 


eee 


Z. When the madrepora ramea is plunged into weak nitrie 


acid, an effervescence is equally produced; but after all the: 


soluble part is taken up, there remains a membrane which 
retains completely the original shape of the madrepore. The 
substance taken up is pure lime. Hence this madrepore is 
composed of carbonate of lime, and a membranaceous sub- 
stance which, as in mother-of-pearl shells, retains the figure 
of the madrepore. The following zoophites yield nearly the 


same results: : 
Madrepora fascicularis. 


Millepora cellulosa. 
fascialis. 
truncata. 
Tris hippuris.. 


ee ieee 


The following substances, analysed by Merat-Guillot, be- 
long to this class from their composition, though it is difficult 
to say what are the species of zoophites which were analysed, 
By red coral he probably meant the gorgonia nobilis, though 


that substance is known, from Hatchett’s analysis, to contain © 


also. some phosphate: 


White Red. Articulated 
‘ Coral. Coral, Coraline. 
Carbonate of lime...... 50 .... 53°5 2... 49 
Animal matter ........ POv, «are S65: clad ah 
100 10070 ~=—-100* 


8. When the madrepora polymorpha is steeped in weak 


nitric acid, its shape continues unchanged; there remains a _ 


tough membranaceous substance of a white colour and opaque, 


filled with a transparent jelly. The acid solution yields a 


slight precipitate of phosphate of lime when treated with am- 
monia, and carbonate of ammonia throws down a copious pre- 
cipitate of carbonate of lime. It is composed therefore of 
animal substance, partly in the state of jelly, partly in that of 
membrane, and hardened by carbonate of lime together with 
a little phosphate of lime. 


* Merat-Guillot, Ann dé, Chim, xxxiv. 71. 
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| Flustra foliacea, treated in the same manner, left a finely Chap. 11, 


reticulated membrane, which possesses the properties of coagu- 
lated albumen. The solution contained a little phosphate of 
lime, and yielded abundance of carbonate of lime when treated 
with the alkaline carbonates. The coralina opuntia, treated 
in the same manner, yielded the same constituents; with this 
difference, that no phosphate of lime could be detected in the 
fresh coraline, but the solution of burnt coraline yielded traces 
‘of it. The iris ochracea exhibits the same phenomena, and is 
formed of the same constituents. When dissolved in weak 
nitric acid, its colouring matter falls in the state of a fine 
red powder, neither soluble in nitric nor muriatic acid, nor 
changed by them: whereas the tinging matter of the ¢ubipora 
musica is destroyed by these acids. The branches of this iris 
are divided by a series of knots. These knots are cartilagin- 
ous bodies connected together by a membranous coat. Within 
this coat there is a conical cavity filled with the earthy or co- 
raline matter; so that, in the recent state, the branches of the 
iris are capable of considerable motion, the knots answering 
the purpose of joints. 


When the gorgonia nobilis, or red coral, is immersed in © 


weak nitric acid, its colouring matter is destroyed, an effer- 
vescence takes place, and the calcareous part 1s dissolved. 
There remains an external tubulated membrane of a yellow 
‘colour, inclosing a transparent gelatinous substance. The 
solution yields only carbonate of lime: but when red coral is 
heated to redness, and then dissolved, the solution yields a 
little phosphate of lime also. Red coral is composed of two 
parts: an internal stem, composed of gelatinous matter and. 
carbonate of lime; and an external covering or cortex, con- 
sisting of membrane hardened by the calcareous salts, and 
both coloured by some unknown substance. 

The gorgonia ceratophyta likewise consist of a stem and 
cortex. The stem is composed of cartilage, hardened chiefly 
by phosphate of lime; and containing little carbonate of lime ; 
but the cortex consists of membrane, hardened almost entirely 
by carbonate of lime. ‘The gorgonia flabellum is almost ex- 
actly similar. The cortex of the gorgonia suberosa yielded 
gelatine to boiling water; when steeped in acids, it left a soft 
yellowish membrane, and the acid had taken up a little phos- 
phate and a large portion of carbonate of lime. The stem 
contained scarcely any earthy salt. When burnt, it left a 
little phosphate of lime. ‘Yo water it yielded a little gelatin; 
but it consisted chiefly of a horny substance, analogous to 
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coagulated albumen. The gorgonia setosa and pectinata exhi- 
bited the same phenomena. 


4. Gorgonia antiphates, like the other species of gorgonia, - 


has a horny stem, but it is destitute of a cortex. To boiling 


water it. gives out some gelatin. When steeped in nitric acid’ 


it becomes soft, and exhibits concentric coats of thin opaque 


brown membranes, of a ligneous aspect. It contains no earthy 


salt. With potash it forms an animal soap, and possesses 
nearly the properties of horn. 

The stems of the gorgonia wmbraculum and verrucosa re- 
semble that of the gorgonia antiphates; but these are both 
provided with a cortex composed of membrane and carbonate 
of lime. . 

The antiphates ulex and myriophyla resemble almost exactly 
the horny stem of the gorgonia antiphates. 


Mr. Hatchett analysed many species of sponges, but found — 


them all similar in their composition. The spongia cancellata, 
oculata, infundibuliformis, palmata, and officinalis, may be 
mentioned as specimens. They consist of gelatin, which they 
gradually give out to water, and a thin brittle membranous 
substance, which possesses the properties of coagulated albu- 
men. Hence the effect of acids and alkalies on them. 

The alcyonium ficus, asbestinum, and arboreum, resemble 


very much the cortex of the gorgonia suberosa in their com- | 


position. They yield a little gelatin to water. In nitric acid 
they soften, and appear membranous. ‘The acid takes up the 
carbonate of lime, and likewise a little phosphate, at least 
when the substance has been previously heated to redness. 
Such is an abstract of Mr. Hatchett’s instructive analysis of 
the zoophites. 


SECT. II, 


f 


OF HORNS, NAILS, AND SCALES. 


In- the last Section I treated of those hard parts of animals 
which were inflexible and incapable of being softened by heat, 
and which contained a great portion of calcareous salts; but 
there is another set of hard parts which possess considerable 
elasticity, which are softened by heat, and which contain but 
a very small portion of calcareous matter. This set compre- 
hends the substances well known under the names of horn, nails, 
and scales. ‘The fourth class of zoophites ought, in strict pro- 


_ priety, to be joined to them; but in the-present state of our 
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knowledge I thought it better to give a view of all that is chap. m. 
known of the zoophites in one place. emnaere 
Almost all that we know of these bodies has been discovered 
| by Mr. Hatchett. Many experiments, indeed, had been made 
by preceding chemists; but not of such a nature as to throw 
much light upon their composition. 
1. Horns are well known substances that are attached to Horns. 
the foreheads of oxen, sheep, and various other animals. ‘They 
are not very hard, as they may be easily cut with a knife or 
rasped with a file; but they are so tough as not to be capa- 
ble of being pounded ina mortar. When in thin plates, they 
have a degree of transparency, and have been sometimes sub- 
stituted for glass in windows. When heated sufficiently they 
become‘ very soft and flexible, so that their shape may be 
altered considerably. Hence they may be gradually squeezed 
into a mould, and wrought into various forms, as is well 

‘known. When strongly heated in a Papin’s digester, they 

are said to be converted into a gelatinous mass, which pos- 
sesses the properties of gelatin. 

The quantity of earthy matter which they contain 1s eX- composea 
ecedingly small. Mr. Hatchett burnt 500 grains of ox horn. fun” 
~The residuum was only 1°5 grain, and not the half of this was 

phosphate of lime. Seventy-eight grains of the horn of the 
chamois left only 0°5 of residue, of which less than the half 
was phosphate of lime.* They consist chiefly of a membran- 
ous substance, which possesses the properties of coagulated 
albumen; and probably they contain also a little gelatin. 
Hence we see the reason of the products that are obtained 
when these substances are subjected to distillation. 

Dr. John subjected the horns of black cattle to analysis, 
and obtained the following constituents : 


Tdurated: Albumen so saisesiie sasce: ope chee a asehiee bale .. 90 
Gelatinous albumen with osmazome .........+ 8 


Lactic acid 7) 

Lactate of potash | 

Sulphate, muriate, and phosphate of potash | 
/ 
| 


Phosphate of lime : 

Trace of oxide of iron , 

Ammoniacal salt wi 

Fat eeeveveveee 720% & @ eeovr ever eevee pe eee eves 1 
100+ 


* Phil, Trans. 1799, p. 332. | + Annals of Philosophy, ix. 55. 
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The horns of the buck and hart must, however, be ex- 


cepted. From the experiments of Scheele and Rouelle, toge- 
ther with those of Hatchett, we know that these substances 
possess exactly the properties of bone, and are composed of 
the same constituents, excepting only that the proportion of 
cartilage is greater. They are intermediate, then, between 
bone and horn. The same remarks apply to a fossil horn 
found in France, and lately analysed by Braconnot. He 
found it composed of | 


Siicegts"salld a5 eee es lek ae 
RHCIAUIC Cy ong ethene ae nie ene a een 
DIMEN cece es ke cs a tere Mm 
CRIGE OV ILI ou Lemiasecete ve ar re 
PAIUMIIA Gace cee ei es coe e eT TUT 
Phosphate of magnesia........ 1°0 
VV ate Tree ae Pere ka a ee a TAS 
Carbonate of lime’... Soe ce. 48 
Phosphate OF WMC... cess sce OOS 


100°0* 


2. The nails, which cover the extremities of the fingers, are 


attached to the epidermis, and come off along with it. Mr. 


Hatchett has ascertained that they are composed chiefly of a 
membranous substance, which possesses the properties of 
coagulated albumen. ‘They seem to contain also a little 


phosphate of lime. Water softens but does not dissolve them; 


but they are readily dissolved and decomposed by concentrated 
acids and alkalies. Hence it appears that nails agree with 
horn in their nature and composition. Under the head of 
nails must be comprehended the talons and claws of the infe- 
rior animals, and likewise their hoofs, which differ in no re- 
spect from horn. "3 

The substance called tortoise-shell is very different from 


shells in its composition, and approaches much nearer to the 
nature of nail; for that reason I have placed it here. When long 


macerated in nitric acid, it softens, and appears to be composed 
of membranes laid over each other, and possessing the pro- 
perties of coagulated albumen. When burnt, 500 grains of 
it yield three of earthy matter, consisting of phosphate of lime 
and soda, with a little iron.t | 


* Gehlen’s Jour. Second Series, iii. 49, 
' ¢ Hatchett, Phil. Trans, 1799, p. 382. 


: 
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i 3. The scales of animals are of two kinds; some, as those of chap. 11. 
_ serpents and other amphibious animals, have a striking resem- 
| blance to horn; while those of fish bear a greater resemblance 
| to mother-of-pearl. The composition of these two kinds of 
: shells is very different. 

The scales of fish, as had been observed by Lewenhoeck, 1. of fish. 
: are composed of different membranous laminze. When im- Composea 
mersed for four or five hours in nitric acid, they become trans- toes 
parent and perfectly membranaceous. The acid, when satu- "hte 
rated with ammonia, gives a copious precipitate of phosphate 

of lime.* Hence they are composed of alternate layers of 
membrane and phosphate of lime. To this structure they owe 

_ their brilliancy. Mr. Hatchett found the spicula of the shark’s 

_ skin to be similar in its composition, but the skin itself yielded 

no phosphate of lime. 

The horny scales of serpents, on the other hand, are com- g. of ser 
posed alone of a horny membrane, and are destitute of phos- °°" 
phate of lime. ‘They yield, when boiled, but slight traces of 
gelatin ; the horn-like crusts which cover certain insects and Like hors. 
other animals appear, from Mr. Hatchett’s experiments, to be 
nearly similar in their composition and nature. 

Thus it appears that these substances bear a striking resem- 
blance to each other, being composed of a membrane which 
Hatchett considers as coagulated albumen. Vauquelin, how- 
ever, who affirms that they dissolve in water, provided the 
temperature be raised sufficiently in a digester above the boil- 
ing point, considers them, on that account, rather as a species 
of concrete mucus than as coagulated albumen.t 


Scales. 


SECT. III. 
OF THE MUSCLES OF ANIMALS. 


Arter the hard parts of animals have been examined, it 
remains for us to consider the composition of the soft parts. 
Of these, the muscles naturally claim our attention, in the 
first place, as being the most important. 

The muscular parts of animals are known in common lan- 
guage by the name of flesh. They constitute a considerable 
portion of the food of man. 


# Hatchett, Phil, Trans. 1799, p. 332. 
+ Nicholson’s Jour. xy. 147.. 
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Muscular flesh is composed of a great number of fibres: or 
threads, commonly of a reddish or whitish colour; but its 
appearance is too well known to require any description. 
Hitherto it has not been subjected to any accurate chemical 
analysis. Mr. Thouvenel, indeed, has published a valuable 
dissertation on the subject; and it is to him that we are in- 
debted for almost all the facts known concerning the compo- 
sition of muscle. Some curious experiments have also been 
made by Fourcroy and Vauquelin; Mr. Hatchett has not 
neglected this part of the subject in his interesting disserta- 
tions on animal substances; and Berzelius has examined 
muscles as well as every other part of the animal body. 

It is scarcely possible to separate the muscle from-all the 
other bodies with which it is mixed. A quantity of fat often 
adheres to it closely; blood pervades the whole of it: and 
every fibre is enveloped in a particular thin membranous 
matter, which anatomists distinguish by the name of cellular 
substance. The analysis of the muscle, then, cannot be sup=— 
posed to exhibit an accurate view of the composition of pure | 
muscular fibres, but only of muscular fibre not perfectly sepa- 
rated from other substances. é 

1. When a muscle is cut in small pieces, and well washed 
with water, the blood and other liquids contained in it are 
separated, and part of the muscular substance also is dis- 
solved. The muscle, by this process, is converted into a 
white fibrous substance, still retaining the form of the original 
body. The water assumes the colour which results from 
mixing water with some blood. When heated it coagulates;_ 
brown flakes swim on the surface, consisting of albumen com- 
bined with the colouring matter of the blood: some fibrin 
likewise precipitates. If the evaporation be continued, more 
albumen precipitates, and at last the whole assumes the form 
of a jelly. When evaporated to dryness, and treated with 
alcohol, the gelatin, thus formed, together with a little phos- _ 
phate of soda and ammonia, remains undissolved; but the 
alcohol dissolves a peculiar extractive matter, first observed 
by Thouvenel. ‘This matter may be obtained by evaporating 
the alcohol to. dryness. It has a reddish-brown colour, a 
strong acrid taste, and aromatic odour. It is soluble both in 
water and alcohol; and when its watery solution is very much 
concentrated, it assumes an acid and bitter taste. It swells 
upon hot coals and melts, efhitting an acid and penetrating 
smell. It attracts moisture from the air, and forms a saline 

6 
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| eflorescence. In a hot atmosphere it becomes sour and pu- chap. 11. 
| trefies. When distilled, it yields an acid, partly combined 
» with ammonia. According to Berzelius, it consists of lactic 
; acid and lactate of soda. 
2. If the muscle, after being thus treated with cold water, Of hot wa- 
| be boiled for a sufficient time in water, an additional portion ** 
| of the same stibstances are separated from it. Some albumen 
‘ collects on the surface in the form of scum, accompanied with 
; some melted fat. The water, when sufficiently concentrated 
| by evaporation, assumes the form of a jelly. When evapo- 
| rated to dryness, and treated with alcohol, the gelatin and 
) phosphoric salts remain, while the extractive matter of Thou- 
venel is dissolved, and may be obtained by evaporating to 
dryness. It is by this process that it is procured in a suffi- 
cient quantity for examination, cold water abstracting only a 
very small portion from the muscle. 
3. The muscle, thus treated with water, is left in the state tsoluble 
of grey fibres, insoluble in water, and becoming brittle when ?™* 
dry. This substance possesses all the properties of fibrin. 
_4. From these facts, ascertained by Thouvenel and Four- 
croy,* it appears that the muscles are composed chiefly of 
‘fibrin, to which they owe their fibrous structure and their 
form, and that they contain also 


2. Albumen. 5. Phosphate of soda. 
3. Gelatin. 6. Phosphate of ammonia. 
4. Iixtractive. 7. Phosph. of lime and carb. of do. 


‘For the discovery of the last ingredients we are indebted to 
Mr. Hatchett, who found that 500 parts of beef muscle left, 
after combustion, a residuum of 25°6 parts, consisting chiefly 
of these salts. When muscles are long boiled in water, Mr. 
Hiatchett found that the greater part of the phosphate of lime, 
as well as of the alkaline phosphates, was dissolved; for the 
‘muscle, after this treatment, when dissolved in nitric acid, 
yielded scarcely any phosphate of lime; whereas if it was 
dissolved directly in nitric acid, a precipitate.of phosphate of 
lime was thrown down by ammonia. Hence it would appear, 
either that the phosphate of lime is united to gelatin, or that 
it is rendered soluble by means of it. The carbonate of lime 


* Fourcroy, 1%. 242. 
VOL. Iv. 2H 
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still remains after the.action of water, and is converted inte 
oxalate when the muscle is treated with nitric acid. 3 

Fourcroy and Vauquelin have likewise detected the pre-. 
sence of potash and sulphuric acid in muscle. To these che- 
mists we are indebted for a very curious set of experiments 


on the action of nitric acid on muscular fibres. ‘They found — 


that 4°826 ounces of muscular fibre, mixed with its own 
weight of nitric acid, of the specific gravity 1-284, and heated 
till it boiled gently, gave 116 cubic inches of gas, composed 
of nine parts by bulk of azote and one part of carbonic acid. 
What remained in the retort consisted of three distinct sub-- 
stances: 1. A greasy substance of a yellow colour, which 
floated on the surface; 2. A yellow liquid; 3. A solid mat- 
ter which still retained its fibrous appearance. ‘This last was 
separated by means of alcohol into two distinct substances ;. 
namely, a fatty matter taken up by the alcohol, and a yellow, 
substance insoluble in that liquid, which possessed the pro- 
perties of an acid, and to which they gave the name of 


yellow acid, and of which the properties have been detailed — 
in the last chapter when treating of fibrin. The yellow liquid” 


contained oxalic and malic acid, probably formed from the 


cellular substance, a portion of yellow acid somewhat altered, > 


and some bitter principle.* 

5. Berthollet boiled the muscle of beef in water till the 
liquid ceased to be precipitated by infusion of nutgalls, He 
then suspended the beef in a glass cylinder filled with com- 
mon air, and inverted over water. The oxygen of the air 
was changed into carbonic acid, the beef became putrid, and,. 
when boiled again in water, gave out gelatin. By repeating 
this process a number of times the beef acquired the taste 
and smell of old cheese. Very little ammonia was given out. 
during the process.+- 

6. Berzelius subjected a portion of muscle to an elaborate 
analysis. About three-fourths of it were liquids. The follow-. 


ing were the constituents which he obtained: | ' 


* Nicholson’s Journal, xiii, 240, 
+ Mem. d’Arcueil, i. 333. 
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Fibrin, vessels and nerves ......... 15'8 
Cellular matter dissolved by boiling.. 1-9 


ty 


LT Ja Sete 
0. Liquid bodies. 

Muriate and lactate of soda ...... 1°80 
Albumen and colouring matter of 

He DIDOG er Tee Cu sre Sr) 
Phosphate of soda ............+. 0°90 
PEMUCE eee here oe asc a Oa. ca 
Albumen holding in solution phos- 

AA NeiNGt MAE hss oe 0°08 
Water and loss ..... AAS | Dl bt ies We 
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7. The muscles of different animals differ exceedingly fromi pifterent 


each other in their appearance and properties, at least as 
articles of food ; but we know little of their chemical dif- 
ferences. The observations of Thouvenel alone were directed 


to that object, and they are imperfect. The flesh of the ox 


. contains, according to him, the greatest quantity of insoluble 
‘matter, and leaves the greatest residuum when dried; the 
flesh of the ca/fis more aqueous and mucous: the ind and 


| 


water turtle yields more matter to water than the muscle of 


the ox; but Thouvenel ascribes the difference to foreign bo- 
| dies, as ligaments, &c. mixed with the muscle of the turtle: 


snails yield to water a quantity of matter intermediate between 


that given by beef and veal: with them the muscles of Frogs, 
cray fish, and vipers, agree nearly in this respect; but the 


muscles of fresh water ey notwithstanding their softness, 
yield a consider ably smaller proportion, + 
8. When meat is boiled, it is obvious that the gelatin, the 


extractive, and a portion of the salts, will be separated, while 
the coagulated albumen and fibrin will remain in a solid state. 
Hence the flavour and the nourishing nature of soups derived 


from the extractive and gelatin. When meat is roasted, on 


* Djur kemien, ii. 174. 
+ Some experiments on the gizzards of muscular stomachs of fowls have 
been published by Bouillon La Grange. See Nichclson’s Jour, xiii. 206. 
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taste and odour of the extractive is greatly heightened by the 
action of the fire.. Hence the superior flavour of roasted 
meat. Fourcroy supposes that the brown crust which forms. | 
on roasted meat is composed entirely of the extractive. 


SECT. IV. 
OF THE SKIN. 


Tuer skin is that strong thick covering which envelopes the: 
whole external surface of animals. It is composed chiefly of 
two parts: a thin white elastic layer on the outside, which is 
called epidermis or cuticle; and a much thicker layer, com- 
posed of a great many fibres closely interwoven, and disposed 
in different directions; this is called the cutis, or true skin. 
The epidermis is that part of the skin which is raised in 
blisters. 

1. The epidermis is easily separated from the cutis by ma- 
ceration in hot water. It possesses a very great degree of 
elasticity. | 

It is totally insoluble in water and in alcohol. Pure fixed 
alkalies dissolve it completely, as does lime likewise, though — 
slowly.* Sulphuric and muriatic acids do not dissolve it, at 
least they have no sensible action on it for a considerable time; 
but nitric acid soon deprives it of its elasticity, and causes it 
to fall to pieces. It is well known that the living epidermis 
is tinged yellow almost instantaneously by nitric acid; but this 
effect does not take place, at least so speedily, when the dead 


- cuticle is plunged in nitric acid altogether. { 


If the cuticle be tinged with nitric acid, the application of 
ammonia to it, is well known. to give it instantaneously a deep- 
orange colour. Now, as Hatchett has shown that this change 
is also produced upon coagulated albumen in the same cir- 
cumstances, and as the epidermis resembles that substance in 
all the properties above detailed, it can scarcely be doubted 
that it is any thing else than a peculiar modification of coagu- 
lated albumen. 


* Chaptal, Ann. de Chim. xxii. 221. But Davy could obtain 10 so- 


lution. 
+ Cruikshanks on Insensible Perspiration, p. 32. { Ibid. 


SKINS. 469 


_ Dr. John found the constituents of the epidermis of the Chp. u. 
| foot, as follows: | Por atyag 


Indurated albumen............+-++ 93 to 95 
Mucus, with a trace of animal matter . 5 
gE TOS SAT TUM a ee Cre ty ALS Mo 
maactate OF Dotashy!/ seats amore « bre as: s 
Phosphate of potash..........06-- 
Miuriste of: potash va. iesedice cess 
sulphate of Aime. s ss giidinis'fia.s\2.¢iseiei 5 
Ammonigcal sale vases vsaseeavetiae 
Phosphate of lime ..........-.000 
Manganese? and iron ......s+--- 
POMEL ice ctaiiielt an Wales alelsiu dhl aims 0°05 * 


_ 2. The cutis is a thick dense membrane, composed of fibres cutis. 
interwoven like the texture of a hat. When it is macerated 
for some hours in water, and agitation and pressure employed 
to accelerate the effect, the blood, and all the extraneous mat- 
ter with which it was loaded, are separated from it, but its 
texture remains unaltered. On evaporating the water em- 
ployed, a small quantity of gelatin may be obtained. No 
subsequent maceration in cold water has any farther effect. 
When distilled it yields the same products as fibrin. The 
concentrated alkalies dissolve it, converting it into oil and 
“ammonia. Weak acids soften it, render it transparent, and 
at last dissolve it. Nitric acid converts it into oxalic acid and 
fat, while, at the same time, azotic gas and prussic acid are 
emitted.t When heated it contracts, and then swells, ex- 
hales a fetid odour, and leaves a dense charcoal, difficult to 
incinerate. By spontaneous decomposition in water or moist 
earth, it is converted into a fatty matter and into ammonia, 
which compose a kind of soap. { When allowed to remain 
long in water, it softens and putrefies, being converted into a 
kind of jelly. When long boiled in water it becomes gela- 
tinous, and dissolves completely, constituting a viscid liquor, 
which, by proper evaporation, is converted into glue. Hence 
‘the cutis of animals is commonly employed in the manufacture 
of glue. 
From these facts the cutis appears to be a peculiar modifi- a species of 
cation of gelatin enabled to resist the action of water, partly =" 


* Annals of Philosophy, ix. 55. 
+ Fourcroy, 1x. 254. { Ibid. 
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by the compactness of its texture, and partly by the viscidity — 
of the gelatin of which it is formed; for those skins which 
dissolve most readily in boiling water afford the worst glue. 
Mr. Hatchett has observed that .the viscidity of the gelatin 
obtained from skins is nearly inversely as their flexibility, the 
supplest hides always yielding the weakest glue; but this glue 
is very soon obtained from them by hot water. The skin 
of the eel is very flexible, and affords very readily a 
great proportion of gelatin. The skin of the shark also | 
readily yields abundance of gelatin ; and the same remark ap- 
plies to the skins of the hare, rabbit, calf, and ox; the dif 
ficulty of obtaining the glue and its goodness always increasing 
with the toughness of the hide. The hide of the rhinoceros, 


which is exceedingly strong and tough, far surpasses the rest. | 


in the difficulty of solution and in the goodness of its glue. 
When skins are boiled, they gradually swell and assume the 
appearance of horn: then they dissolve slowly. 

3. It is from the skin or cutis of animals that leather is 
formed; and the goodness of the leather, or at least its 
strength, depends in some measure, on the toughness of the 
hides. Those easily soluble, as seal-skins, afford a weaker 
leather than those which are more difficultly soluble in water. 
The process by which the skins of animals are converted into 
leather is called tanning. It seems to have been known and 
practised in the earliest ages; but its nature was totally un- 
known till after the discovery of the tanning principle by 
Seguin. That chemist ascertained that leather is a compound 
of tannin and skin; that it is to the tannin that leather owes 
its insolubility and its power of resisting putrefaction. ‘The 
subject engaged the attention of Davy, who examined it with 
his usual ingenuity, and added several important facts to our 
former knowledge. 

When skins are to be tanned, the first step of the process 
is to deprive them of their hair and cuticle. This is either 
done by steeping them in water till they begin to putrefy, or 
by steeping them in lime and water. The lime seems to com- 
bine with the cuticle, and to render it brittle and easily de- 
tachable from the hide. It produces the same effect upon the 
hair and the matter at its root.* When the hides have been 
steeped for a sufficient time, they are taken out, the hair, 
cuticle, &c. scraped off, and then they are washed in water. 


* Davy, Journal of the Royal Instit, ii. 30. 


SKINS. 
After this preliminary process, the skins are subjected to 
different treatment according to the kind of leather which is 
to be made. 

The large and thick hides are introduced for a short time 
into a strong infusion of bark. They are then said to be 
coloured. After this they are put into water. slightly impreg- 
‘nated with sulphuric acid, or with the acid evolved during the 
fermentation of barley and rye. This renders them harder 
and denser than they were before, and fits them for forming 
sole leather. Davy thinks, that by this process a triple com- 
pound is formed of the skin, tan, and acid.* 

_ The light skins of cows, those of calves, and all small skins, 
are steeped for some days in a lixivium made by ‘the infusion 
of pigeons’ dung in water. This lixivium is called the grater. 
By this process they are rendered thinner and softer, and more 
proper for making flexible leather. Davy considers the effect 
_of this lixivium to depend upon the fermentation which it un- 
dergoes; for dung that has undergone fermentation does not 
answer the purpose. + : 

After these preliminary processes, the skins \are exposed to 
-the action of the infusion of bark till they are converted into 
leather. 

The infusion of oak bark contains two ingredients, namely, 
tannin and an extractive. The first is more soluble than the 
‘second. Hence, in saturated infusions, there isa much greater 
proportion of tannin than of extractive; whereas in weak in- 
fusions the extractive bears a greater proportion to the tannin. 
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Davy considers it as doubtful whether the infusion of oak bark © 


contains any gallic acid. ‘This chemist has ascertained, that 
the hides extract both the tannin and extractive from the in- 
fusion, and leave nothing behind but pure water, provided 
they be employed in sufficient quantity. Hence it is obvious, 
that both the tannin and extractive must enter into the com- 
position of leather. The extractive gives the hide a brown 
colour, but does not render it insoluble in boiling water; the 
tannin renders it insoluble, but its colour continues whitish. 


Hence it is likely that the lightest kinds of leather contain | 


little else than tannin, while the brown kinds contain both 
tannin and extractive, and the new compound is leather. 
Hence the reason of the increase of its weight. 


+ Davy, Journal of the Royal Instit. 11. 31. + Ibid. p. 32. 


by, 


A472 PARTS OF ANIMALS. 


Book V. Calf-skins, and those hides which are prepared by the 
_ “ grainer, are first steeped in weak infusions of oak bark, and 
' gradually removed to stronger and stronger, till they are com=__ 
pletely impregnated, which takes up from two to four months, | 

As the weak infusions contain a greater proportion of extrac- 
tive, the consequence of this process is, that the skin combines 
in the first place with a portion of it, and afterwards with the | 
tannin, When saturated solutions of tannin are employed, 
the leather is formed in a much shorter time. This was thes 
process recommended by Seguin; but it has been observed, — | 

that leather tanned in this way is more rigid and more liable : 
to crack than leather tanned in the usual way. Hence it is | 
: 
| 


likely, as Davy has observed, that the union of the extractive 4 
is requisite to form pliable and tough leather. Leather rapidly 
tanned must be less equable in its texture than leather slowly — 
tanned, as the surface must be saturated with tannin before the 
liquid has time to penetrate deep. Davy has ascertained that 
skins, while tanning, seldom absorb more than 4 of their 
weight of vegetable matter. 

Skins intended for sole leather are generally kept from the 
first in an infusion preserved nearly saturated by means of the 
strata of bark with which they alternate. The full impregna~ 
tion requires from ten to eighteen months. It is likely, from — 
this process, that sole leather contains a greater proportion of — 
tannin than soft leather. While drying, it is smoothed with 


a rolling-pin, and beat with a mallet, which must add consi- 
derably to its density.* 


uray mucor 4. As to the rete mucosum, or the mucous substance, situated 


between the cutis vera and epidermis, its composition cannot, 
be determined with precision, because its quantity is too small _ 
to admit of examination. It is known that the black colour | 
of negroes depends upon a black pigment, situated in this _ 
substance. Chlorine deprives it of its black colour, and ren- 
ders it yellow. A negro, by keeping his foot for some time in 
water impregnated with that gas, deprived it of its colour, and _ 
rendered it nearly white; but in a few days the black colour 
returned again with its former intensity.+ This experiment 
was first made by Dr. Beddoes on the fingers of a negro.t 

. 4 


er 


* See Davy on the Preparation of Skin for Tanning. Royal Instit. 
MESO 3 


+ Fourcroy, ix, p. 259. + Beddoes on Factitious Airs, p. 45. 
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: SECT. V. 


OF MEMBRANES, TENDONS, LIGAMENTS, AND GLANDS. , 


THESE substances have not hitherto been subjected to a Chap. 11. 
rigid chemical analysis. But from the properties which have ~~~ 
_been observed, they appear to have a closer resemblance to the 
‘ skin than to any other animal substance. 

1. The membranes are thin semitransparent bodies which Membranes 
envelope certain parts of the body, especially the viscera; such 
as, the dura and pia mater, the pleura, the peritoneum, the 
periosteum, &c. These substances are soft and pliable; when 
' macerated in water, they swell, and become somewhat pulpy; 
_and by continued decoction in hot water they are almost com- 
pletely dissolved, and the solution concretes into gelatin. 
They are convertible of course into the same substance as 
the cutis by decoction; hence we must consider their com- 
position as similar. Like hides they may also be tanned and resemble 
converted into leather. From the experiments of Mr. Hat- *" 
chett, it appears that they contain no phosphate of lime as a 
constituent part, and scarcely any saline ingredients ; for when 

calcined they leave but a very inconsiderable residuum. Thus 
250 grains of hog’s bladder left only 0-02 grain of residuum.* 

2. The tendons are strong, pearl-coloured, brilliant bodies, Tendons, 

which terminate the muscles, and attach them to the bones, 
and are known in common language by the name of sinews. 
When boiled they assume the form of a semitransparent gela- 
_tinous substance, of a pleasant taste, well known in boiled meat. 
Ifthe decoction be continued they dissolve completely, and 
_are converted into gelatin. From these facts we are authorized 
to conclude, that the composition of the tendons is similar to 

that of the membranes and cutis. : 

3. The ligaments are strong bands which bind the bones rizaments. 
together at the different joints: they are fibrous substances, 

very dense and strong, and somewhat elastic. When boiled 

they yield a portion of gelatine, but they resist the action of 

water with great obstinacy, and after a great deal of boiling 

retain their form and even their strength. The ligaments, 

then, differ essentially from the two last species. How far 

they resemble coagulated albumen remains to be ascertained. 

It is not unlikely that they will form a genus apart. 


[= > 


* Phil, Trans..1799, p. 333, 
6 
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4. The glands area set of bodies employed to form or to 


~~ alter the different liquids which are employed for different 


Glands, 


Properties 
of brain. 


purposes in the animal body. There are two sets of them: 


the conglobate, which are small, scattered in the course of the - 


lymphatioss and the conglomerate, such as the liver, kidneys, 
&c. Fourcroy supposes the first of these to be composed of 


. gelatin; but this is not very probable. The structure of the | 


large glands has been examined by anatomists with great care; 
but we are still ignorant of their composition. Indeed.the 
present state of chemistry scarcely admits of an accurate ana- 
lysis of these complicated bodies. 


SECD Vi. 
OF THE BRAIN AND NERVES. 


Tue brain and nerves are the instruments of sensation, and 
even of motion; for an animal loses the power of moving a 
part the instant that the nerves which enter it are cut. 

The brain and nerves have a strong resemblance to each 
other; and it is probable that they agree also in their com- 
position. But hitherto no attempt has been made to analyze 
the nerves. ‘The only chemists who have examined the na- 
ture of brain are Mr. Thouret,* Mr. bea a PE and M. 
Vauquelin. t 

The biaid consists of two substances, which differ from call 
other somewhat in colour, but which, in other respects, seem 
to be of the same nature. The outermost matter, having 
some small resemblance in colour to wood-ashes, has been 
called the cineritious part; the innermost has been called the 
medullary part. 

Brain has a soft feel, not unlike that of SOAD 5 its texture 
appears to be very close; its specific gr she is greater than 
that of water. 


When brain is kept in close vessels so that the external air 


is excluded, it remains for a long time unaltered. Fourcroy 
filled a glass vessel almost completely with pieces of brain, 


and attached it'to a pneumatic apparatus; a few bubbles of | 


carbonic acid gas appeared at first, but it remained above a 
year without undergoing any farther change. § 


* Jour. de Phys. xxxvill. 329. + Ann. de Chim. xvi. 282. 
+} Annals of Philosophy, i. 332. § Ann. de Chim. xvi. 297. 


BRAIN AND NERVES, | 4.75 


This is very far from being the case with brain exposed to chap. 11. 
‘the atmosphere. In a few days (at the temperature of 60°) it —~—~ 
exhales a most detestable odour, becomes acid, assumes a green 
_ colour, and very soon a great quantity of ammonia makes its 
appearance In it. 
Cold water does not dissolve any part of the brain; but by Action of 
trituration in a mortar it forms, with water, a whitish-coloured ©!" 
_ emulsion, which appears homogeneous, may be passed through 
-afilter, and the brain does not precipitate by rest. When 
this emulsion is heated to 145°, a white coagulum is formed. 
‘The addition of a great quantity of water also causes a coagu- 
dum to appear, which swims on the surface, but the water still 
retains a milky colour. When sulphuric acid is dropped into 
‘the watery emulsion of brain, white flakes separate and swim 
on the surface, and the liquid becomes red. Nitric acid pro- 
duces the same effects, only the liquid becomes yellow. Alco- 
‘hol also separates a white coagulum from the emulsion, after it 
has been mixed with it for some hours. When nitric acid 
is added to the emulsion till it becomes slightly acid, a coagu- 
lum is also separated. This coagulum is of a white colour ; 
it is insoluble in water and in alcohol. Heat softens, but does 
not melt it. When dried it becoms transparent, and breaks 
with a glassy fracture. It is therefore albumen.* 
When brain is triturated in a mortar with diluted sulphuric ofsutphuric 
‘acid, part is dissolved; the rest may be separated, by filtration, **" 
in the form of a coagulum. The acid liquor is colourless. 
By evaporation, the liquid becomes black, sulphurous acid is 
exhaled, and crystals appear ; and when evaporated to dryness, 
a black mass remains behind. When this mass is diluted 
_ with water, a quantity of charcoal separates, and the water 
remains clear. ‘This brain is completely decomposed, a quan- 
tity of ammonia combines with the acid and forms sulphate of 
_ ammonia, while charcoal is precipitated. The water, by eva- 
poration and treatment with alcohol, yields sulphates of am- 
monia and lime, phosphoric acid, and phosphates of soda and 
- ammonia. Brain therefore contains 


Phosphate of lime 
ee BL 
ammonia. 


* Ann. de Chim, xvi. p. 288. 


476 


Book V. 


PARTS OF ANIMALS. 


Traces also of sulphate of lime can be discovered in it. The 


~~ quantity of these salts is very small; altogether they do not 


Of nitric 
acid, 


OF alcohol, 


Of potash. 


Constitue 
ents, 


amount to =1,th part.* 

Diluted nitric acid, when triturated with brain, likewise 
dissolves a part, and coagulates the rest. The solution is 
transparent. When evaporated till the acid becomes concen- 
trated carbonic acid gas and nitrous gas are. disengaged ; an 
effervescence takes place, white fumes appear, an immense 
quantity of ammonia is disengaged, a bulky charcoal remains 
mixed with a considerable quantity of oxalic acid.t 

When brain is gradually evaporated to dryness by the heat 
of a water bath, a portion of transparent liquid separates at 
first from the rest, and the residuum, when nearly dry, ac- 
quires a brown colour ; its weight amounts to about one-fourth | 
of the fresh brain. It may still be formed into an emulsion 
with water, but very soon separates again spontaneously. 

When alcohol is repeatedly boiled upon this dried residuum 
till it ceases to have any more action, it dissolves about five- 
eighths of the whole. When this alcohol cools, it deposits 
a yellowish white substance, composed of brilliant plates. 
When kneaded together by the fingers, it assumes the ap- 
pearance of a ductile paste; at the temperature of boiling 
water it becomes soft, and when the heat is increased it 
blackens, exhales empyreumatic and ammoniacal fumes, and 
leaves behind it a charry matter.t When the alcohol is eva- 


' porated, it deposits a yellowish black matter, which reddens 


paper tinged with turnsole, and readily diffuses itself aE 
water.§ 
Pure concentrated potash dissolves brain, disengaging ai — 
great quantity of ammonia. 
The result of an elaborate analysis of brain by Vanquelilll 
gave him the following constituents : 


Water |. toute di nisle'e wlan OOOO 
White fatty matter ..... MEE tiie 08 
Reddish fatty matter ........ O°7 
Albumen... ivediaes ts 140 OB | 
Osmazomes ict cparsasare bis svsauinte gine 
PhOSBHOTUS, Viasin use aks bert ak walihhaQ 
Acids, salts, and sulphur..... 5°15 


100°00 


_* Ann. de Chim. xvi. p. 288. + Ibid. 307. 
+ Ibid. 313. § Ibid. 317, 
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Dr. John has analyzed the brain of a considerable variety of chap. 1. 
» animals. He found the brain of calves composed as follows : 


PWV Aber in) o aise aitrewlodica tinea. FO tO SO 
Peculiar albumen of brain .... 10 
Osmazome ss Sates ees edes 

OAL ielere! aie aide Baeiesiin «ete 
EPL (kOe a titistaitn » Hei 
Phosphate Or Tinie) es «tan os : 
Phosphate of soda ...... 


Muriate of soda ........:- adh 
Sulphate of soda? ........ 
Phosphate of iron ........ 


Phosphate of magnesia?.... 
An ammoniacal salt........J 


He analyzed likewise the brain of fowls and of oxen, with 
nearly the same result.* 

From the experiments of Vauquelin we learn that the me- 
dulla oblongata and the nerves are composed of the same ma- 
terials as the brain. 

Dr. John made separate experiments on the medullary and 
cineritious parts of the brain, on the cerebellum, the thalami 
nervorum opticorum, the medulla oblongata, and the medulla 
spinalis, but the results have added very little to our know- 
ledge of this obscure department of chemistry.+ 
_. Vauquelin’s analysis of the brain, though far more complete — 
and satisfactory than that of any of his predecessors, throws 
no light upon the way in which the constituents are combined, 
or on what it is that gives to the brain its very peculiar ap- 
pearance. 


SECT. VII. 
_ OF MARROW. 


Tue hollows of the long bones are, in living animals, filled 
with a peculiar species of fat matter, to which the name of 
marrow has been given. In some bones this matter is a good 
deal mixed with blood, and has-a red colour ; in others, as the 
thigh bones, it is purer, and has a yellow colour. Various ex- 
periments on this matter were made by the older chemists, 


* Chemische Untersuch. iii. 228, and iv. 160, + Ibid. iv. 168. 
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Book V. showing it to be analogous to animal fats,* and pointing out | 
some of its peculiarities. Berzelius has examined it in detail, | 
and published the results of his experiments.t The marrow | 
on which his trials were made was obtained from the thigh | 
bone of an ox. dl 

Action of i. When marrow is digested in cold water it becomes lighter | 

cold watery Coloured, while the water acquires the colour which it would 
have received had it been digested on blood. When this water 
is boiled it becomes muddy, and a dark-brown matter preci- 
pitates. ‘This matter consists of coagulated albumen mixed 
with some phosphate of lime, and phosphate of iron. A small 
portion of a yellow-coloured salt is dissolved by the action of | 
alcohol or water. This matter separated from marrow-by 
water, is obviously owing to the blood with which it was mixed. _| 
The quantity which Berzelius obtained from marrow amounted 
to +j,th part of the whole. The portion of it dissolved by 
water and alcohol consisted partly of gelatin and common. 
salt, and partly of the peculiar extractive matter obtained by 
Thouvenel from the muscles of animals, and described in the 
Third Section of this Chapter. The proportion of these sub- 
stances obtained by Berzelius from marrow amounted to about 
zizth part of the whole. 

Of hot 2. When marrow is boiled..in water, the greatest part of it 

ma melts and swims upon the surface of the liquid. The water. 
is at first muddy and milky, but becomes transparent on stand-. 
ing. When passed through the filter a substance is separated, 
which becomes greyish-green, and semitransparent when dry.. 
More of this matter precipitates when the liquid is evaporated... 
When the water is evaporated to dryness, a substance is ob- 
tained of a sharp aromatic taste like the marrow of roasted: 
meat. ‘These two substances consist chiefly of extractive, ger) 
latin, and a peculiar substance which approaches the nature of 
albumen in its properties. 

3. When marrow, thus purified, is melted in water and 

passed through a cloth, a quantity of blood vessels and skins. 
remain upon the cloth, amounting to about ;1,th part of the 
whole. “g 

Properties 4. Marrow, thus freed from its impurities, has a white co-— 

san,  lour with a shade of blue; its taste is insipid and rather sweet- 
ish. It softens-by the heat of the hand, and melts when heated _ 


* Neumann’s Chemistry, p. 560. 
t Gehlen’s Jour. Second Series, ii. 287. 
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to 113°.* When cooled slowly it crystallizes in sphericles like chap. m. 
- olive oil. It burns with a flame like tallow... When distilled it ~~ 
| gives first a transparent fluid yellowish oil, accompanied by 

' carbonic acid gas, water, and heavy inflammable air. After- 
wards there comes over a white solid oil, accompanied by a 

_ less copious evolution of gaseous bodies, and which docs not 

become dark-coloured, as happens when tallow is distilled. 

_ This had already been’observed by Neumann. This solid oil 
has a disagreeable smell, amounts to 0°3 of the marrow dis- 
tilled, reddens vegetable blues, and when boiled in water gives 
out a portion of sebacic acid, which Berzelius considers as ben- 
zoic acid. 

The empyreumatic oil combines readily with alkalies and 
their carbonates. With the latter it forms a snow-white SOAP, 
insoluble in water, though it increases in bulk when placed in 
contact with that liquid. It combines also with the earths, 
and forms soaps, likewise insoluble in water. 

The water which comes over during the distillation of mar- 

row is colourless, has a fetid and sour smell, and an empy- 
reumatic taste. It contains a little acetic acid, empyreumatic 

oil, and probably benzoic acid; but exhibits no traces of am- 
monia. 

The gaseous products amount to +1,th of the marrow dis- 
tilled. They contain no sulphur nor phosphorus, and consist 

_of carbonic acid and heavy inflammable air, which burns with 
a white flame, and seems to contain oil in solution. 

The charry.matter in the retort amounts to 0:05 of the mar- 
row distilled. It is dark-brown, heavy and brilliant. It is 
incinerated with difficulty, and leaves an ash consisting of 

phosphate of lime, carbonate of lime, and some soda. 

5. Concentrated sulphuric acid dissolves marrow without Action of 

_ the assistance of heat. The solution has the appearance of a *i4* 

brown syrup; and when the acid is diluted with water the 

" marrow separates unaltered. When heat is applied, the acid 
decomposes the marrow and forms a resinous coal. 

Diluted nitric acid digested on marrow, in a moderate heat, 
renders it yellow, and gives it more consistence, and the smell 
of old bones. Concentrated nitric acid dissolves marrow with- 
out the assistance of heat, and the marrow is not precipitated 
by the addition of water. 


* Berzelius says at 45°. This is 113° Fahrenheit, if Celsius’ thermometer 
be meant, ‘as is probable. If it be Reaumur’s, the melting point of mar- 
row, is 133° Fahrenheit. 
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‘Bookv. 6. Marrow combines with alkalies and forms soap. Boiling 
alcohol and ether dissolve a small portion of it, which pre- 
cipitates again as the solution cools. 

Constitu- Niasio¥, from the thigh bone of an ox, was found by bea 

ae zelius to be composed Be the following substances : | 


PYLE MATTOW wiciuadten 5 cite eu oO 
Skins and blood vessels. ... 0°01 
Albumen wee ee ere gore 
Gelatin vee e eee eee eeee | 
EIXtPactiVe. oi. 4 9060-00. sk OS 
Peculiar matters .5.. 6...) 
WV SURE Sito ans ste eeeleuine ee et) 


1°00 


From the preceding detail it appears, that pure marrow is 
a species of fixed oil, possessing peculiar properties, and ap- 
proaching somewhat to butter in its nature. But it differs 
considerably in its appearance in different parts of the body, — 
owing chiefly, in all probability, to a greater or smaller mix- 
ture of blood. 


RSG A Rae AG 
OF HAIR AND FEATHERS. 


THEsE substances cover different parts of animals, and are 
obviously intended by Nature to protect them from the cold. 
For this, their softness and pliability, and the slowness with 
which they conduct heat, render them peculiarly proper. 

- Varieties, 1. Hair is usually distinguished into various kinds, accord- | 
ing to its size and appearance. The strongest and stiffest of 
all is called bristle: of this kind is the isis on the backs of 
hogs. When remarkably fine, soft, and pliable, it is called 
wool; and the finest’ of all is known by the name of down. 
But all these varieties ik one another very closely in 
their composition. 

Properties | Hair appears to be a kind of tube covered with a cuticle. 
Its surface is not smooth, but either covered with scales or con- 
sisting of imbricated cones. Hence the roughness of its feel, 
and the disposition which it has to entangle itself, which has — 
given origin to the processes of felding and i fulling. It is con- 
stantly increasing in length, being protruded from the roots, 
and seems at first to be ‘satt or neal gelatinous. From the 
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_ experiments which have been made on hair by Achard and chap. 1. 


Matchett, it follows that in contains gelatin, to which it owes 


its suppleness and toughness. This substance may be separated 
by boiling the hair in water. When thus treated it becomes 


_iuch more brittle than before. Indeed, if the process be con- 


tinued long enough, the hair crumbles to pieces between the 
fingers. ‘The portion insoluble in water possesses the proper- 
ties of coagulated albumen. 

Mr. Hatchett has concluded from his experiments, that the 
hair which loses its curl in moist weather, and which is the 
softest and most flexible, is that which yields its gelatin most 
easily ; whereas strong and elastic hair yields it with the great- 
est difficulty, and in the smallest proportion. This conclusion 
has been confirmed by a very considerable hair-merchant in 
London, who assured him that the first kind of hair was much 
more injured by boiling than the second. 


Vauquelin has published a curious set of experiments on the Analysis 


analysis of human hair of various colours. Though hair is 
insoluble in boiling water, he obtained a solution by raising the 
temperature of the liquid ina Papin’s digester. If the heat 
thus produced was too great, the hair was decomposed, and 
ammonia, carbonic acid, and an empyreumatic oil formed. 


Sulphuretted hydrogen is always evolved, and its quantity in- 
creases with the heat. When hair is thus dissolved in water 


heated above the boiling point, the solution contains a kind of 


bituminous oil, which is deposited very slowly. This oil was 
black when the hair dissolved was black, but yellowish-red 


when red hair was employed. 

When the solution is filtered to get rid of this oil, the liquid 
which passes through is nearly colourless. Copious precipi- 
tates are formed in it by the infusion of nutgalls and chlorine. 
Silver is blackened by it, and acetate of lead precipitated 
brown. Acids render it turbid, but the precipitate is redis- 
solved by adding these liquids in excess. Though very much 


concentrated by evaporation, it does not concrete into a jelly. 


Water containing only four per cent. of potash dissolves 


hair, while hydrosulphuret of ammonia is evolved. If the 


hair be black, a thick dark-coloured oil, with some sulphur and 
iron, remains undissolved; if the hair be red there remains a 
yellow oil, with some sulphur and an atom or two of iron. 
When acids are dropped into this solution, they throw down 


a white matter soluble in an excess of acid, 
VOL. IV. o.4 
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Sulphuric and muriatic acids become red when first poured 
on hair, and gradually dissolve it. Nitric acid turns hair yel- 
low and dissolves it, while an oil separates, which is red or 
black according to the colour of the hair dissolved. The so- 


lution yields a great deal of oxalic acid, and contains, besides, | 


bitter principle, iron, and sulphuric acid. Chlorine first 
whitens hair, and then reduces it to a substance of the con- 
sistence of turpentine, and partly soluble in alcohol. 

When alcohol is digested on blagk hair, it extracts from it 
two kinds of oil. ‘The first, which is white, subsides in white 
shining scales as the liquor cools; the second is obtained by 
evaporating the alcohol. It has a greyish-green colour, and at 
last becomes solid. From red hair alcohol likewise separates 
two oils: the first white as from black hair, and the other as 
red as blood. When the red hair is deprived of this oil, it 


becomes of a chesnut colour. Hence its red colour is ob- 


viously owing to the red oil. 

When hair is incinerated, it yields iron and manganese, 
phosphate, sulphate, and carbonate of lime, muriate of soda, 
and a considerable portion of silica. The ashes of red hair 
contain less iron and manganese : those of white hair still less; 
but in them we find magnesia, which is wanting in the other 
varieties of hair. The ashes of hair do not exceed 0°015 of 
the hair. 

From the preceding experiments of Vauquelin, we learn that 
black hair is composed of the nine following substances : 


1. An animal matter constituting the greatest part. 

2. A white solid oil, small in quantity. 

. A greyish-green oil, more abundant. 

Iron; state unknown. 

Oxide of manganese. | 

Phosphate of lime. | 

. Carbonate of lime, very scanty. : 
Silica. i 

9. Sulphur. , 

The colouring matter of hair appears from Vauquelin’s ex- 

periments to be an oil. The oil is blackish-green in black 

hair, red in red hair, and white in white hair. Vauquelin sup- 

poses that sulphuretted iron contributes to the colour of dark 

hair ; and ascribes to the presence of an excess of sulphur the 

property which white and red hair have of becoming black 


HAIR AR w 


~ 


SILK. 


colour in hair from grief, he thinks, is owing to the evolution 


of an acid.* 

Vauquelin considers the animal matter of which hair is 
chiefly composed as a variety of inspissated mucus; but some 
of its properties, especially its copious precipitation by tannin, 
do not well agree with that supposition. It seems to approach 
more closely to coagulated albumen, as Hatchett has shown. 


Wool has not yet beeh subjected to a rigid examination ; woot 
but from the experiments made on it by Berthollet, there is 
Treason to conclude that its chemical qualities do not differ 


much from those of hair. When growing upon the sheep it 
is enveloped in a kind of soapy matter, which protects it from 
the attack of imsects, and which is afterwards removed by 


“scouring. Vauquelin has examined this matter, and found it 


to consist of the following ingredients: 1. A soap of potash; 
2. Carbonate of potash; 8. A little acetate of potash; 4. 
Lime; 5. A very little muriate of patash; and, 6. An animal 
matter.t 7 
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‘with the oxides of the white metals. The sudden change of ¢hap..r. 


2. Feathers seem to possess very nearly the same properties Feathers. 


with hair. Mr. Hatchett has ascertained that the quill is com- 
posed chiefly of coagulated albumen. ‘Though feathers were 
boiled for a long time in water, Mr. Hatchett could observe 
no traces of gelatin. 


SECT. IX. 


OF SILK. 


Sixx is the production of different species of caterpillars. origia. 


The phalena bombyx is most commonly propagated for that 
purpose in Europe; but the phalena atlas yields a greater 
quantity. A similar substance indeed is yielded by the greater 
number of the tribe of caterpillars. It is found inclosed in 
two small bags, from which it is protruded in fine threads to 
serve the insect for a covering during its chrysalis state. ‘The 


webs of spiders are obviously of the same nature with silk $ spiders’ 


though their fibres, at least in this country, are finer an 
weaker. Reaumur and other naturalists ascertained, that the 
larger species of spiders spun cocoons sufficiently strong to be 
manufactured, and that the produce was neither inferior in 


* Nicholson’s Jour. xv. 141. + Ann. de Chim. xtvii. 267. 
Ne as 


d webs. 
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Book v. beauty nor in strength to the silk of the silk-worm. Attempts 
“~— were made in consequence to establish a manufactory of this 


History. 


Varnish, 


new kind of silk; but it was soon found that the spiders. could 
not be made to work in concert. They attacked and devoured 
each other without mercy, till the whole colony was extermi- | 
nated to a single individual. ‘ 
The silkworm is a native of China, and feeds on the leaves 
of the white mulberry. That industrious nation was acquainted 
with the manufacture of silk from the most remote ages 3 but 
it was scarcely known in Europe before the time of Augustus. 
Its beauty attracted the attention of the luxurious Romans; 
and after the effeminate reign of Elagabulus, it became a com- 
mon article of dress. It was brought from China at an enor- 
mous expence, manufactured again by the Phenicians, and 
sold at Rome for its weight of gold. In the reign of Jus- 
tinian this commerce was interrupted by the conquests of, the 
Scythian tribes, and all attempts to procure it failed, till two 
Persian monks had the agddress to convey some of the eggs of 
the insect from China to Constantinople, concealed. in the 
hollow of acane. ‘They were hatched and the breed carefully 
propagated. This happened in 555; and some years after we 
find that the Greeks understood the art of procuring and ma- 


—nufacturing silk as well as the Orientals. Roger, king of 


Sicily, brought the manufacture to that island in 1130, for- 
cibly carrying off the weavers from Greece, and settling them 
in Sicily. From that island the art passed into Italy, and 
thence into France: and the revocation of the edict of Nantz 
established the manufactory of silk in Britain. . 
Silk, as spun by the animal, is in the state of fine threads, 
varying in colour from white to reddish-yellow. It is very 
elastic, and has considerable strength, if we consider its small 
diameter. It is covered with a varnish, to which its elasticity 
is owing. ‘This varnish is solable in boiling water ; but alco- 
hol does not act upon it. Hence it has been compared to a 
eum, though it approaches much nearer to gelatin ; since Ber+ 
thollet has shown that it is precipitated by tannin and by mu- 
riate of tin. It differs, however, from gelatin in several parti- 
culars. Alum throws it down of a dirty white, sulphate of 
copper of a dark brown, and sulphate of iron of a brown co 
lour.* When the water is evaporated, the varnish is obtained 
of a black colour, brittle, and of a shining fracture. Its 


* Berthollet. 
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; weight is nearly one-third of the raw silk from which it was Chap. It. 

extracted. It maybe separated from silk by soap as well as 
_ water, and the soap leys containing it soon putrify.* Roard 
has published a set of experiments on this matter. It amounts 
to 23 per cent. of the silk. It is brittle and hard like resins ; 
. when pounded its colour is reddish-yellow. It has the taste 
-and odour of extractive. It does not melt when heated. It 
‘dissolves in five times its weight in water. The solution has 
a brown colour, but when diluted with water becomes golden- 
y yellow. When exposed to the air in that state it becomes 
_ greenish, is decomposed, and exhales the odour of putrid ani- 
mal matter. The liquid froths like soap leys. Sulphuric and 
-muriatic acids deepen its colour; nitric acid converts it into a 
| fine yellow; sulphurous acid brightens the colour, and makes 
it greenish-yellow. Alcohol scarcely acts upon it. Chlorine 
throws down a copious white precipitate, which becomes red- 
‘dish in the air, is no longer soluble in water, but is very soluble 
jnalcohol. Alkalies produce no effect upon this substance. 
‘Infusion of nutgalls occasions a copious precipitate.} These 
properties show us that this substance is of a peculiar nature. 

Besides the varnish, silk contains another substance, to which Resie. 

it owes its yellow colour. ‘This substance possesses the pro- 
perties of resin. It is yellow, soluble in alcohol and in a mix- 
ture of alcohol and muriatic acid. Baumé has ascertained, 
that by this last mixture it may be separated completely, and 
the silk deprived of it assumes a fine white colour.t This 
‘matter melts at 86°. Its colour is reddish-brown when in 
lumps, but greenish-yellow when divided. It has a strong 
smell, owing to a volatile oil which it contains. When ex- 
posed to the light it becomes white. It is insoluble in water 
but very soluble in alcohol, in the alkaline solutions and in 
 soap.§ 

Roard has shown thai raw silk contains also a portion of 
wax, which is dissolved by boiling alcohol, and by alkaline 
or soapy solutions. It is white and precipitates as the alcohol 
cools. Silk contains about 1th of its weight of wax, while 


the resinous colouring matter amounts to about {jth of its 


weight. || 


* Berthollet. + Ann. de Chim. Ixv. 59. 
{ Ibid. xvii. 156. § Roard, ibid. Ixv. 61, 
\| Ibid. 
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The properties of silk itself have been but imperfectly ex- 


amined. Itis not acted on by water or alcohol, has no taste, 
and is but imperfectly combustible; though fire rapidly 
blackens and decomposes it. When distilled, it yields, ac- 


cording to Neumann, an uncommonly great proportion of — 


ammonia, 

The fixed alkalies dissolve it by the assistance of heat; and 
it is not unlikely that they form with it an animal soap. 

It is dissolved likewise by sulphuric and muriatic acids, and 


_ by nitric acid. By the action of this last acid, Berthollet 


Spiders? 
webs, 


obtained from silk some oxalic acid, and a fatty matter which 
swam on the surface of the solution. By a similar treatment, 
Welter obtained fine yellow crystals, very combustible, to 
which he gave the name of yellow brittle principle. 

Silk is very little susceptible of putrefaction. Dr. Wilson 
of Falkirk informs us, that a ribbon was found in the church- 
yard of that town wrapped round the bone of the arm. It 
was uninjured though it had lain eight years in the earth.* 
We know, at the same time, that when silk is kept in a damp 
place it rots (to use the common language) in a much shorter 
period. 

_ Cadet has published a chemical analysis of spiders’ webs, 
the result of which, as these substances have a considerable 
analogy to silk, both in their properties and mode of being 
produced, may be mentioned here. He obtained from spiders’ 
webs, by treating them with water and alcohol, and incinera- 
tion, the following substances: 1. A brown extract soluble in 
water, and not altered by exposure to the air; 2. A resinous 
matter soluble in alcohol, and very deliquescent; 3. Alumina; 


. 


4. Sulphate of lime; 5. Carbonate of soda; 6. Muriate of | 


soda; 7. Carbonate of lime; 8. Iron; 9. Silica.t He sup- | 


poses, however, that some of the fixed matters obtained may 


have originated from accidental impurities mixed with the — 


webs examined. 


Having given the preceding account of the solids which 
compose animal bodies, I proceed next to the chyle and the 
fluid which circulates through living bodies, namely blood ; 
and to the various secretions formed from the blood, either 


* Nicholson’s Jour. ii, 222, + Ibid. xi. 294, 
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inorder to answer some important purpose to the animal, chap. m. 
or to be evacuated as useless, that the blood thus purified may ep es 
be more proper for answering the ends for which it is destined. 
Many of these substances have been examined with more care 
_ by chemists than the animal solids. 


SECT. X. 
OF CHYLE. 


Tue name chyle is given to a liquid matter formed during 

the passage of the food along the intestinal canal. It is taken 

up by a set of vessels called Jacteals, carried to the thoracic 

duct, from which it passes into the blood vessels and is con- 

verted into blood. It was occasionally examined and de- 

scribed by the physiologists and anatomists during the course 

of the last century. But it is only a few years since we be- History. 

came acquainted with its chemical properties. A set of ex- 

periments on the chyle of the horse was published by M. Em- . 

mert in 1811. Vauquelin examined the chyle of different 
horses in 1812,‘+ and during the course of the same year a 

set of experiments on chyle was published by Mr. Brande.f 

And in 1815, a comparative examination. was made by Dr. 

Marcet, of the chyle of animals that live on vegetable, and 

that of those that live on animal food. § - 

Chyle when drawn from the thoracic duct, about five hours characters: 
after the animal has taken food is an opaque liquid of a white 
colour; without smell, and having a slightly acid taste, accom- 
panied by a perceptible sweetness. It restores the blue colour 
of litmus paper, reddened by acetic acid, indicating the pre- 
sence of an alkali. About ten minutes after it is drawn from 
the animal it coagulates into a stiff jelly, which in the course 
of 24 hours gradually separates into two parts, producing a 
firm contracted coagulum surrounded by a colourless fluid. 

1. The coagulum, as appears from the experiments of Coaguium. 
Vauquelin, is an intermediate substance, between albu- 
men and fibrin. He considers it as albumen on its way - 
to assume the nature of fibrin. It is not so stiff, nor of 
so fibrous a texture as fibrin; it is more easily acted on 


* Ann. de Chim. Ixxx. 81. + Ibid. Ixxxi. 113. ; 
+ Phil. Trans, 1812, p. 91. § Annals of Philosophy, vii. 234. 
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Book V. and dissolved by caustic alkalies. In potash and sodaitforms | 
a brown solution while a little ammonia is evolved. Its solu- | 
tion in ammonia has a reddish hue. _ | 

It is insoluble in alcohol and ether; but readily dissolved by — 
diluted sulphuric acid. Very dilute nitric acid gradually con- 
verts it into adipocire; when the acid is more concentrated, | 
the coagulum assumes the appearance of gelatin; and when | 
heat is applied oxalic acid and carbonic acid are formed. 
Muriatic acid does not dissolve it when in a concentrated 
state, but it dissolves it readily when diluted with water. Acetic 
and oxalic acids dissolve a small portion of it when boiled on it. 

When burnt it leaves a charcoal, which is with difficulty 
incinerated, and which contains common salt, phosphate of 
lime, and gives traces of iron. 

naiuid por 2. The liquid portion of chyle is coagulated by heat, alco- — 
hol, and acids, and the coagulated portion that falls possesses 
the properties of albumen. When hot alcohol is employed 
to produce the coagulation, it dissolves a little matter which _ 
- 1s deposited in white flocks as the alcohol cools. < Vauquelin | 
found this matter similar to the fatty substance which he ex- 
tracted from brain. ! 
Sugar, 3. Mr. Brande, after separating the albumen by heat, eva- 
porated the liquid portion to one half, at a temperature not F 
exceeding 200°. On cooling, small crystals separated which | 
he considered as of the same nature as sugar of milk.. They | 
' had the shape of oblique six-sided prisms, were soluble in is 
four times their weight of boiling water, and in 16 times their 

weight of cold water. They are insoluble in cold alcohol, 
but sparingly soluble in that liquid at the boiling tem- 
perature. | i 

4. Dr. Marcet found the same salts in chyle, and in the’ : 
same proportion as in other animal fluids. . 

5. The chyle differs so much at different times, that — 
little confidence can be put in the distinctions pointed out 
by Dr. Marcet between the chyle of herbivorus and carni- 
vorous animals. He found the chyle of the former much 

‘less white, it contained less solid matter, and yielded less — 
albumen. 
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SECT. XI. 
OF BLOOD. 


Broop is a well-known fluid which circulates in the veins Chap. 
and arteries of the more perfect animals. It is of a red colour, eae 
»has a considerable degree of consistency, and an unctuous or baa. 
‘feel, as if it contained a quantity of soap. Its taste is slightly 
, saline, and it has a peculiar smell. 

The specific gravity of human blood is, at a medium, 
'1:0527.* Mr. Fourcroy found the specific gravity of bul- 
lock’s blood, at the temperature of 60°, to be 1:056.+ The 
blood does not uniformly retain the same consistence in the 
‘same animal, and its consistence in different animals is very 
‘various. It is easy to see that its specific gravity must be 
equally various. 

No substance has attracted a greater degree of attention than 

the blood. ‘The number of philosophers who have devoted 
their time to develope its nature, and ascertain its properties, 
is immense. It was not, however, till towards the middle of 
‘the 18th century that much progress was made in its chemical 
analysis. {. ‘The prussic acid formed during its decomposition 
had been observed; Hales had measured the gases exhaled 
during its distillation; Menghini had demonstrated the pre- 
sence of iron in it; and several curious observations had been 
made upon its coagulation. But Rouelle junior was the first 
chemist who published a tolerably precise analysis of it. Since 
that time much additional information has been acquired by 
the experiments of Bucquet, Fourcroy, Deyeux, Parmentier, 
Brande, Berzelius, &c. 

When blood, after being drawn from an animal, is allowed Spontancous 
to remain for some time at rest, it very soon coagulates into a j.7"?" 
solid mass of the consistence of curdled milk. This mass gra- 
dually separates into two parts; one of which is fluid, and is 
called serum; the other, the coagulum, has been called cruor, 
because it alone retains the red colour which distinguishes 
blood. . This separation is very similar to the separation of 
curdled milk into curds and whey. 


* Haller’s Physiology, i. 41. t Ann. de Chim. vii. 147. 
+ A very full account of every thing that had been done before that time 
may be found in the second volume of Haller’s Physiology. 
5 
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The proportion between the cruor and serum of the blood 
varies much in different animals, and even in the same animal 
in different circumstances. The most common proportion is 
about one part of eruor to three parts of serum; but in many 
cases the eruor exceeds or falls short of this quantity; the | 
limits of the ratios of these substances to each other appear, | 
from a comparison of the conclusions of most of those who 
have written accurately on the subject, tobe 1:1 and 1:4 3 | 
but the first case must be very rare indeed.* 

The cause of this spontaneous decomposition of blood has 
not hitherto been ascertained. The coagulation takes place 
equally in close vessels and in the open air, whether the blood 
be allowed to cool, or be kept at the temperature at which it 1s 
when it issues from the animal; neither is the coagulation 
prevented by diluting it with water, as has been sufficiently | 
proved by the experiments of Hewson, Hunter, Deyeux, and — 
Parmentier. 

1. The serum is of a light greenish-yellow colour; it has 
the taste, smell, and feel of the blood, but its consistence is _ 
not so great. Its mean specific gravity is about 1°0287.F | 
It converts syrup of violets to a green, and therefore contains 
an alkali. On examination, Rouelle found that it owes this” 
property to a portion of soda, t and this has been fully con- 
firmed by Dr. Marcet.§ When heated to the temperature 
of 156°, || the cerum coagulates, as Harvey first discovered.** 
It coagulates also when boiling water is mixed with it; but if 
serum be mixed with six parts of cold water, it does not 
coagulate by heat. ++ When thus coagulated, it has a greyish= — 
white colour, and is not unlike the boiled white of an egg. tf}. 
If the coagulum be cut into small pieces, a muddy fluid may 
be squeezed from it, which has been termed: the serosity. 
After the separation of this fluid, if the residuum be carefully 
washed in boiling water and examined, it will be found to 
possess all the properties of coagulated albumen. ‘The serum, 
therefore, contains a considerable proportion of albumen. 
Hence its coagulation by heat, and the other phenomena 
which albumen usually exhibits. | 


* Haller’s Physiology, il. 47. + Jurin, ibid. p. 41. 
t Dr. Pearson considers the alkali in animal fluids as potash, and 

not soda. | 
§ Nicholson’s Jour. xxxi, 230; xxxii. 147, 
} Cullen. ** De Gener. Anim. p. 161. 
4+-Fourcroy, Ann..de Chim. vil, 157) > ff Ibid. 156. 
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_ The only other constituents in the serum, besides water, chap. 11. - 
are soda, lactate of soda, muriate of soda, muriate of potash, —~—~ 
sand some animal matter, the nature of which has not been pre- 
cisely determined. The following table exhibits the consti- 
| tuents of 1000 parts of the serum of bullocks’ blood according 
| to the analysis of Berzelius: 


IV RIEE I alae ot cure IgM a eee te ie 905°000 


Constitue 
PA GVIOT ok ans auaioiel woh ete he hala 8 »+e- 79°990 ents. 
Lactate of soda and extractive matter.... 6°175 
Muriates of.soda and potash ............ 2°565 
Soda and animal matter soluble only ng 1°520 
Watch Un asia 6 Die Js 6 6.65816! 9/0 (# pian, mde ‘ 

LOS eile va: aia dean dy fle ee Seshean ano 

4% 1000°000 * 

: 

__ The serum of human blood he found composed as follows: 
WV aberia's dnidlldued biicparanell ares sarene © ida wen 905°0 
Albumen....... Bolan: Pistia Putiavite «dea 80°0 
Muriates of potash and soda.............  6°0 
Lactate of soda with animal matter ....... - 40 


Soda, phosphate of soda with animal matter. 41 
PATS Woiodta te Sold HIN oe ON dace HaTinesten's 0:9 


1000°0 fF 
_ Dr. Marcet found the constituents of serum as follows: 


NY Gieluan ds suielsisgcn te cicaw sis SO OCCUO 
AIDC oats dicen san as aaa’e gs GOTO 
Muriates of potash and soda... 6°60 
Muco-extractive matter ...... 4°00 
Subcarbonate of soda........ 1°65 
Sulphate of potash.......... 0°35 
Earthy phosphates .......... 0°60 


1000°00 ¢ 


The muco-extractive matter was doubtless impure lactate of 
soda. Berzelius is of opinion that the sulphate of potash and 
the earthy phosphates which were found by Dr. Marcet in 
the ashes of serum, were formed during the incineration. 


* Djur kemien, ii. 46; and Annals of Philosophy, ii. 202. 
+ Annals of Philosophy, ibid. 
t Medico-chirurgical Transact. ii. 370. 
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For phosphorus, sulphur, and the bases of lime and magnesia 
exist according to him as constituents of albumen. 


Gelatin was considered as a constituent of the serum of — 


blood, in consequence of the observations of De Haen. But 


Dr. Bostock and Professor Berzelius have shown that the 


opinion of its existence in blood is not well founded. 

2. The cruor, or clot, as it is sometimes called, is of a red 
colour, and possesses considerable consistence. Its mean 
specific gravity is about 1°245.* If this cruor be washed 
carefully by letting a small jet of water fall upon it till the 
water runs off colourless, it is partly dissolved, and partly re- 
mains upon the searce. Thus it is separated into two portions: 
namely, 1. A white, solid, elastic substance, which has all the 
properties of fibrin; 2. The portion held in solution by the 
water, which consists of the colouring matter, not however in 
a state of purity, for it is impossible to separate the cruor 
completely from the serum. 

Berzelius and Brande have shown that this clot is a com- 
pound of fibrin, albumen, and colouring matter of blood. 
According to the analysis of Berzelius, it consists of 

Colouring matter............2. 64 
Fibrin and albumen............ 36 


100 
When the colouring matter is incinerated, about one-third 
of a per cent. of oxide of iron may be extracted from its ashes. 
This portion of iron is a constituent of the colouring matter, 


and perhaps the cause of its red colour. But in what way it. 


is united to the albuminous portion of the colouring matter 


remains unknown. When incinerated the colouring matter — 


leaves ~.th of its weight of ashes, consisting, according to) 

the analysis of Berzelius, of the following ingredients: | 
Oxide of iron ...... ccc ences pececcccescs JOO 
Subphosphate of iron ......++++---+5- Naa a da 
Phosphate of lime with traces of magnesia... 6°0 
Pure Lime cs en cls gee ateae Ramis Ae eee 
Carbonic acid and loss.... t osesereeseseee 165 


\ op Ee 


100°0 


, 


Berzelius is of opinion that none of these bodies existed 
in the colouring matter; but merely their bases, iron, phos- 


* Jurin, Haller’s Physiology, ii, 41. 


| 
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phorus, calcium, &c. and that they were formed during the 
incineration. ‘ 

The albumen of blood leaves the same quantity of ashes 
as the colouring matter. But these ashes contain no traces of 


iron. 


The cause of he change of colour which blood undergoes 

when exposed to oxygen gas or common air, is still inexpli- 
cable. 

M. Vogel has shown that when blood is placed in the va- 


cuum of an air pump, a considerable quantity of carbonic 
acid gas separates from it.* 


Dr. Gordon has rendered it probable, that during the co- 


-agulation of blood a little heat is evolved.+ 


It would be of great consequence to compare together the 


blood of different animals, and of the same animal at different 


ages, and to ascertain in what particulars they differ from each 


other. This would probably throw light on some of the ob- 


scurest parts of the animal economy. Very little progress 
has hitherto been made in these researches. If we except the 


labours of Rouelle, who obtained nearly the same inyredients, 
though in different proportions, from the blood of a great va- 


riety of animals, the experiments of Fourcroy on. the blood 
of the human foetus are almost the only ones of that kind with 


which we are acquainted. 
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He found that it differs from the blood of the adult in three Bleod of 


things: 1. Its colouring matter is darker, and seems to be 
more abundant; 2. It contains no fibrin, but probably a 
greater proportion of gelatin (?) than blood of adults; 3. It 
contains no phosphoric acid.{ 

The examination of diseased blood, too, would be of great 
consequence; because the difference of its properties from the 
blood of people in health mighhxt throw much light on the 


mature of the disease. 
-Deyeux and Parmentier, to not we are indebted for an 


excellent analysis of blood, examined that liquid drawn from 
patients labouring under different diseases; but the result of 
their examination was not so satisfactory as might have been 
expected. 

1. It has been long known, that blood drawn from a person 


labouring under indathinntion is soon covered with a white 


* Ann. de Chim. xciil. 71. + Annals of Philosophy, iv. 139. 
{ Fourcroy, Ann, de Chim, vii, 162, 


e foetus. 


Diseased 
blood. 
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‘Book v. crust, which is distinguished by physicians by the name of | 
the buffy coat, and which characterises blood during inflam- | 
mation. Deyeux and Parmentier ascertained that this buffy | 
coat consists of the fibrin. The cruor, deprived of this sub- | 
stance, is much softer than usual, and almost totally soluble | 
in water. The albumen of the serum is also altered, for it | 
does not coagulate as usual when heated, but: it becomes © 
milky when mixed with hot water. " 

2. The blood drawn from several patients labouring under 
sea scurvy afforded scarcely any remarkable properties to these 
chemists, except a peculiar smell, and an albumen which was 
not so easily coagulated as usual. 

3. The blood drawn from patients afflicted with a putrid 
fever was also examined by these chemists. Sometimes it ex- 
hibited the inflammatory crust, but frequently it did not ap- 
pear to differ from healthy blood.* | 

4. During that disease which is known by the name of dia- 
betes, in which the urine is excessive in quantity, and contains 
sugar, the serum of blood often, as appears from the experi- — 
ments of Dr. Dobson and Dr. Rollo, assumes the appearance 
of whey: Dr. Wollaston has shown that it contains no per- 
ceptible quantity of sugar, even when the urine is loaded with it. 
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SECT. XII. 


OF MILK. 


Mix is a fluid secreted by the female of all those animals” 
denominated mammalia, and intended evidently for the nourish- ; 
ment of her offspring. 4q 

The milk of every animal bas certain peculiarities which 
distinguish it from every other milk. But the animal whose — 
milk is most made use of by man as an article of food, and 
with which, consequently, we are best acquainted, is the cow. 
Chemists, therefore, have made choice of cow’s milk for their 
experiments. I shall, at first, confine myself to the properties 
and analysis of cow’s milk, and afterwards point out in what 
respect the milk of other animals differs from it, as far at least" 
as these differences have hitherto been ascertained. | 

Properties Milk is an opaque fluid, of a whitish colour, a slight pecu- 
of milk. iar smell, and a pleasant sweetish taste. When newly drawn 


# Jour. de Phys. xliv. 454. 
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from the cow, it has a taste very different from that which it chap. 1. 
acquires after it has been kept for some hours. It reddens- 
vegetable blues. 
in boiling and freezing points are nearly the same as those 
of water ; but they vary a few*degrees in different milks.* 
| Milk is specifically heavier than water, and lighter than blood ; 
but the precise degree cannot be ascertained, because almost 
every particular milk has a specific gravity peculiar to itself. 

When milk is allowed to remain for some time at rest, there spontane- 
i collects on its surface a thick unctuous yellowish-coloured sub- ?vrition 
stance, known by the name of cream. 

After the cream is separated, the milk which remains is 
»much thinner than before, and it has a bluish-white colour. 

If it be heated to the temperature of 100°, and a little rennet, 
which is water digested with the inner coat of a calf’s stomach 
_and preserved with salt, be poured into it, coagulation ensues; 
and if the coagulum be broken, the milk very soon separates 
into two iat ; a solid white part, known by the name 
of curd, and a fluid part called whey. Thus we see that milk 
may be easily separated into three parts; namely, cream, curd, 
and whey. 

1. Cream is of a yellow colour, and its consistence in- cceam. 

creases gradually by exposure to the atmosphere. In three 
or four days it becomes so thick that the vessel which con- 
tains it may be inverted without risking any loss. In eight 
or ten days more, its surface is covered over with mucors and 
_byssi, and it has no longer the flavour of cream, but of very 
fat cheese. ‘This is the process for making what in this coun- 

try is called a cream cheese. 

Cream possesses many of the properties of anoi. It is 
specifically lighter than water; it has an unctuous feel, stains 
clothes precisely in the manner of oil; and if it be kept fluid, 
it contracts at last a taste which is very analogous to the ran- 
eidity of oils.t When kept boiling for some time, a little 
oil makes its appearance, and floats upon its surface. § Cream 
‘is neither soluble in alcohol nor oils. || These properties are 
sufficient to show us tuat it contains a quantity of oil; but this 
oil is combined with a part of the curd, and mixed with some 
serum. Cream, then, is composed of a peculiar oil, curd, 


* Jour. de Phys. xxxvili. 362. 
+ Parmentier and Deyeux, Jour. de Phys. xxxviii. 372. 
t Ibid. p. 375. § Ibid. p. 374. || Ibid. 
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and serum. The oil may be easily obtained separate by agi- 
tating the cream for a considerable time. ‘This process, known | 
to every body, is called churning. After a certain time, the | 
cream separates into two portions: one fluid, and resembling | 
creamed milk; and the other solid, and called butter. | 

Butter is of a yellow colour, possesses the properties of an 
oil, and mixes readily with other oily bodies. When heated 
to the temperature of 96° it melts, and becomes transparent; 
if it be kept for some time melted, some curd, water, or 
whey, separate from it, and it assumes exactly the appearance 
of oil.* But this process deprives it in a great measure of its | 
peculiar flavour. 

When butter is kept for a certain time, it becomes rancid, 
owing in a good measure to the presence of these foreign in-— 
sredients; for if butter be well washed, and a great portion 
of these matters separated, it does not become rancid nearly 
so soon as when it is not treated in this manner. It was for- 
merly supposed that this rancidity was owing to the deve- 
lopement of a peculiar acid; but Parmentier and Deyeux 
have shown that no acid is present in rancid butter. When | 
butter is distilled, there comes over water, an acid, and an | 
oil, at first fluid, but afterwards concrete. ‘The carbonaceous 
residuum is but small. 

Butter may be obtained by agitating cream newly taken 
from milk, or even by agitating milk newly drawn from the 
cow. Butit is usual to allow cream to remain for some time 
before it is churned. Now cream, by standing, acquires 
a sour taste; butter, therefore, is commonly made from sour 
cream. Fresh cream requires at least four times as much 
churning before it yields its butter as sour cream does; { con- | 
sequently cream acquires, by being kept for some time, a 
properties, in consequence of which it is more easily converted 
into butter. When very sour cream is churned, every one 
who has paid the smallest attention must have perceived, tha 
the butter-milk, after the churning, is not nearly so sour a 
the cream had been. The butter, in all cases, is perfectly” 
sweet ; consequently the acid which had been evolved, has in 
a great measure disappeared during the progress of churning. 
it has been ascertained that cream may be churned, and but- 


* Fourcroy, Ann. de Chim, vi. 170. + Ibid. p. $75. 
t Ibid. p. 169. 
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ter‘obtained, though the contact: of atmospheric air be ex- 


- cluded:*. On the eihde hand, it has been affirmed, that when 
cream is churned ii contact with air it absorbs a considerable 
| my. of it. 


= 


In many cases there isa considerable extrication of gas 
Biting the churning of butter. _ From the phenomena, it can 
scarcely be doubted that this gas is carbonic acid. Dr. Young 


affirms, that during the churning there is an increase of tem- 


perature amounting te four degrees. 
The affinity of he oil of cream: for the other ingredients 


is such, that it never separates completely from them. | Not 


| only is curd'and whey always found in the cream, but some 


of this oil is constantly found in skimmed milk and even in 


| whey: for it has been ascertained, by actual experiment, that 


butter may be obtained by churning whey. ‘Twenty-seven 
Scotch pints of whey yield, at an average, about:a pound of 


-butter.{ ‘This accounts for a fact well known to those who 


superintend dairies, that a good deal more butter may be ob- 
tained from the same quantity of milk, provided it be churned 
as drawn from the cow, than when the cream alone is collected 
and churned. 

The butter-milk, as Parmentier and nine ascertained by 
experiment, possesses precisely the properties of milk deprived 


of cream.§ 


Cream, of the specific gravity 1 “0244, x was analysed by Ber- 


zelius, who found it composed of 


Butterte e5.c4i02... ae 
Chigaeat, ee a rin Bas 
Whey). 2.2. 9200 


Cone remed 


100°0 


49°7 
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2. Curd, which may be separated from creamed milk by Properties 


-Yennet, has many of the properties of coagulated albumen. It 


is white and solid; and when all the moisture is squeezed out, 
it has a good deal of brittleness. It is precipitated by acids, 
and the precipitate consists of the curd combined with the 
acid employed to precipitate it. If we digest this precipitate 
over carbonate of lime, or barytes and water, the acid com- 
bines with the earth and remains undissolved (supposing it 


* Young, de Lacte, 15; and Thenard, Nicholson’s Jour. xii. 518, 
+ Mid-Lothian Report for 1795. ¢ Ibid, 
§ Jour. de Phys. xxxvill..379. 
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Book v.. sulphuric acid), while the curd dissolves in the water. The 
aqueous solution of curd, thus obtained, is yellowish, and re- 
sembles a solution of gum. When evaporated to dryness, it 
leaves a yellow mass which easily redissolves in water. When 
the solution is boiled in an open vessel, it becomes covered 
with a white pellicle, precisely as milk does, and acquires the 
smell of: boiled milk. The membrane is almost insoluble in 
water, and appears to be produced by the action of air on the 
dissolved cheese. | Hon 3 : 

With the mineral acids curd forms the same compounds as 
albumen and fibrin do. But the neutral compounds are less 
soluble. A great excess of acetic acid is required to dissolve 
curd; and the neutral compound of curd and this acid appear 
to be insoluble. The alkalies easily dissolve curd. ‘The con- 
stituents of curd, according to the analysis of Gay-Lussac and 
Thenard, are as follows: | 


bacae. Carbon =... + 09. (81 
tion. Oxygen ......°11°409 
‘Hydrogen .... 7°429 
Azote ....-.06 21°381 


; 


100°000* p 

As we are ignorant of the equivalent number for curd, we 

are unable, from the preceding analysis, to determine the 

constitution of that substance. But the smallest number of 
atoms which accords with the analysis, is the following: 

~ atoms carbon ...... = 5°25 .oeees 60°87 a 

] atom oxygen ......- + 100 820255 1760 

5 atoms hydrogen .... = 0°625 ...... 7°24 

{ntoH azote ee) SY Re RATE. Sy 2029 | 


8-625 10000 
If we double the number of atoms, it will be in our power to | 
compare curd with gelatin, albumen, and fibrin. On that 


v 
"| 


supposition its composition will be | 
14 atoms carbon ....... sii. ATH OS | 
2 atoms Oxygen ...++es> Teer a 
10 atoms hydrogen ......-- sat G25 
9 atoms azote stile. fe BS 
17°25 


* Recherches Physico-chimiques, il. 354 
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This composition. approaches nearest to that of gelatin, chap. u. 
' from which it differs by the absence of 4 atoms water and 1 , 
_ atom carbon. | 

Curd, as is well known, is used in Caine cheese; and. the of cheese. 
, cheese’ is the better the more it contains of cream, or of that 
oily matter which constitutes cream. It is well known to 
‘ cheesemakers, that the goodness of it depends in a great mea- 
sure on the manner of separating the whey from the curd. If 
| the milk be much heated, the coagulum broken in pieces, and 
( the whey forcibly separated, as is the practice in many parts of 
| Scotland, the cheese is scarcely good for any thing; but the . 
whey is delicious, especially the last squeezed out whey, and 
butter may be obtained from it in considerable quantity :—a 
full proof that nearly the whole creamy part of the milk has 
been separated with the whey. Whereas if the milk be not 
too much heated (about 100° is sufficient), if the coagulum be 
allowed to remain unbroken, and the whey be separated by 
very slow and gentle pressure, the cheese is excellent; but the 
whey is almost transparent, and nearly colourless.* 

Good cheese melts at a moderate heat; but bad cheese, 
-when heated, dries, curls, and exhibits all the phenomena of 
burning horn. From this it is evident, that good cheese con- 
tains a quantity of the peculiar oil which constitutes the dis- 
tinguishing characteristic of cream; hence its flavour and 
‘smell. Proust has found in cheese an acid which he calls the 
-easeic acid, to which he ascribes several of the peculiar pro- 
| perties of cheese.t 

This resemblance of curd and albumen makes it probable coaguta- 
| that the coagulation of milk and of albumen depend upon the Dawes 
/$ame cause. Heat, indeed, does not coagulate milk, because 
‘the curd in it is diluted with too large a quantity of water ; 

_ but if milk be boiled in contact with air, a pellicle soon forms 
on its surface, which has the properties of curd. If this pel- 
licle be removed, another succeeds; and by continuing the 
| boiling, the whole of the curdy matter may be separated from 
>milk.f When this pellicle is allowed to remain, it falls to 
the bottom of the vessel, where, being exposed to a greater 


i 


_. * Parmentier and Deyeux, Jour. de Phys. xxxvili. 417. Fourcroy, ibid. 
| Dey 3. 
t Jour. de Phys. Ixiv. 107. 
¢ Parmentier, Jour. de Phys, xxxviil. 415. 
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Book Vv. heat, it becomes brown, and communicates to milk that dis-” 
agreeable taste which, in this country, is called a singed taste. 

It happens more readily when milk is boiled along with rice, 

flour, &c. | 

If to boiling milk there be added as much of any neutral | 

salt as it is capable of dissolving, or of sugar, or of gum arabic, 

the milk coagulates, and the curd separates.* Alcohol also 
coagulates milk;+ as do all acids, rennet, and the infusion of. 

the flowers of artichoke and of the thistle.} If milk be diluted 

with ten’ times its weight of water, it cannot be made to co- 

agulate at all.§ From the experiments of Bouillon La Grange 

it appears that the acid or salt employed to coagulate milk 
combines with the curd. || | sd 

Whey. 3. Whey, after being filtered, to separate a quantity of curd 
which still continues to float through ‘it, is: a thin pellucid | 

fluid, of a yellowish-green colour and pleasant sweetish taste, 

in which the flavour of milk may: be distinguished. «| It always 
contains some curd; but nearly the whole may ‘be ‘separated | 

by keeping the whey for some time boiling; a thick white 

scum gathers on the surface, which in Scotland is known by 

the name of float whey.’ When'this scum, which consists of 

the curdy part, is carefully separated, the whey, after being | 
allowed to remain at rest for some ‘hours, to give the remainder 

of the curd time to precipitate, is decanted off salmost as cor 

lourless as water; and scarcely any of the peculiar taste of 

Contains milk can be distinguished in its) If it be now slowly evapo- 
ee mn rated, it deposits at last a number of white-coloured crystals, 
which are sugar of milk. 'Toward'the end of the evaporation, 

_ ‘some crystals of muriate of potash and of muriate of soda 

Salts. make their appearance.** \ According to. Scheele, it contains 
also a little phosphate of lime,}+ which may be precipitated 

by ammonia. ! 

The experiments of Fourcroy and Vauquelin, ‘Thenard, 

Bouillon La Grange, and Berzelius, have added. consi- 

derably to our knowledge of the constituents of whey. It 

always reddens vegetable blues, containing a portion of laetic 

acid. It contains likewise some phosphate of magnesia and 
phosphate of iron, as Fourcroy and Vauquelin have disco- 


* Scheele, ii. 52. + Permentier, Jour, de Phys. xxxviii. 416, 
+ Parmentier, Jour. de Phys. xxxvili. 416. § Scheele, 11. 54. 7 
|| Nicholson’s Jour. x. 143. | 

** Parmentier, Jour, de Phys. xxxvill. 417. +t Scheele, 1. 61. 


MILK. 


501 


- vered.* Sulphate of potash, likewise, and a peculiar extrac- Chap. 11. 
Nee aed 


' tive matter, have been separated from it. 


From the analysis of Berzelius we learn that 100 parts of 
» milk deprived of its cream is composed of the following ingre- 


: dients : 
| W Ateris claccidiodies <cteials 4a bimin mueiere eee oP 
Curd with alittle cream .......... 28°00 
: Sugar of milk ....... hich von bl isly'inled¥y LOO OU 
pi Muriate of potash. .......--++- sb 4720 
be Phosphate of potash .....-. OHS 0°25 
4 Lactic acid, acetate of potash, with 600 

a trace of lactate of iron ...... 
i Earthy phosphates ..... be ettenathen sles Shes AE) 
1000°00 , - 


Milk is one of the few animal substances which may b 


e Milk capa- 
ble of the 


made to undergo the vinous fermentation, and to afford a vinous fer 


‘liquor resembling wine or beer, from which alcohol may be se- 


mentation, 


‘parated by distillation. This singular fact seems to have been 
first discovered by the Tartars; they obtain all their spiritu- 
“ous liquors from mare’s milk. It has been ascertained that 
“milk is incapable of being converted into wine till it has be- » 
“come sour; after this nothing is necessary but to place it in 


the proper temperature; the fermentation begins of its own 
‘accord, and continues till the formation of wine be completed.t 
Scheele had observed that milk was capable of fermenting, 


‘and that a great quantity of carbonic acid gas was extricated 
from it during this fermentation.{ But he did not suspect 
‘that the result of this fermentation was the formation of an 
intoxicating liquor similar to wine. The Tartars call the 
“vinous liquid which they prepare koumiss. An account of its 
preparation and medical uses has been published by Dr. 
Guthrie.§ In Orkney and Shetland also, as I have been in- 
formed by Sir John Sinclair, it 1s prepared nearly in a similar 


way. 


When milk is distilled by the heat of a water-bath, there Distillation 


comes over water, having the peculiar odour of milk; which 


of milk. 


_ putrefies, and consequently contains, besides mere water, some 
of the other constituent parts of milk. After some time the 


* Gehlen, Ann. de Chim. 1. 272. - Vauquelin, Cehled’s vodeonh ake. 
' t+ Scheele, ii. 66. 


+ Parmentier, Jour. de Phys. xxxvili, 365, 
§ Edin, Trans, vol. i. 
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Book vy» milk coagulates,* as always happens when hot albumen ac- 


Woman's 
milk, 
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quires a certain degree of concentration. There remains be- 
hind a thick unctuous yellowish-white substance, to which 
Hoffman gave the name of franchipann. This substance, | 
when the fire is increased, yields at first a transparent liquid, 
which becomes gradually more coloured; some very fluid oil 
comes over, then ammonia, an acid, and at last a very thick 
black oil. ‘Towards the end of the process carburetted hydro- 
gen gas is disengaged.t There remains in the retort a coal, 
which contains carbonate of potash, muriate of potash, and 
phosphate of lime, and sometimes magnesia, iron, and muriate 
of soda.t 

The milk of all other animals, as far as it has hitherto been 
examined, consists neatly of the same ingredients as cow’s milk: 
but there is a very great difference in their proportion. 

Woman’s milk has a much sweeter taste than cow’s milk. 
When allowed to remain at rest for a sufficient time, a cream 
gathers on its surface. This cream is more abundant than in 
cow’s milk, and its colour is usually much whiter. After it 1s 
separated, the milk is exceedingly thin, and has the appearance 
rather of whey, with a bluish-white colour, than of skimmed 
milk. 

None of the methods by which cow’s milk is coagulated suc- 
ceed in producing the coagulation of woman’s milk.§ [tis _ 
certain, however, that it contains curd; for if it be boiled, 
pellicles form on its surface, which have all the properties of — 
curd.|| Its not coagulating, therefore, must be attributed to 
the great quantity of water with which the curd is diluted. 

Though the cream be churned ever so long, no butter can) 
be obtained from it; but if, after being agitated for some 
hours, it be allowed to remain at rest for a day or two, it se- 
parates into two parts; a fluid which occupies the inferior 
part of the vessel, pellucid and colourless like water, and a 
thick white unctuous fluid, which swims on the surface. The 
lowermost fluid contains sugar of milk and some curd; the 
uppermost does not differ from cream except in consistence, 
The oily part of the cream, then, cannot be separated by agi- 
tation from the curd.|| This cream contains a greater portion 
of curd than the cream of cow’s milk. |] 


* Bouquet. + Parmentier, Jour. de Phys. xxxvil. 368. _ 
t Mem. Med. Par. 1787, p. 607. 

§ Clarke, Irish Trans. 11. 175. 

| Parmentier, Jour. de Phys. xxxviil. 419 
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When this milk, after the curd is separated from it, is slowly Chap. 11. 
evaporated, it yields crystals of sugar of milk and of muriate _ 3 
| of soda. The quantity of sugar is rather greater than in cow's 
milk. According to Haller, the sugar obtained from cow’s 
milk is to that obtained from an equal quantity of woman’s 
milk as 35:58, and sometimes as 37: 67, and in all the inter- 
mediate ratios. | 

Thus it appears that woman’s milk differs from that of cows tts pecu- 
in three particulars : | . "aaa 

1, It contains a much smaller quantity of curd. 
_ &. Its oil isso intimately combined with its curd that it does 
not yield butter. 

3. It contains rather more sugar of milk. 

Parmentier and Deyeux ascertained that the quantity of 
curd in woman’s milk increases in proportion to the time after 
delivery.* Nearly the same thing has been observed with re- 
spect to cow’s milk. 

~ Ass’s milk has a very strong resemblance to human milk: It ass’ mite 
has nearly the same colour, smell, and consistence. When 

left at rest for a sufficient time, a cream forms upon its surface, 

but by no means in such abundance as in woman’s milk. This 

cream, by very long agitation, yields a butter, which is always 
soft, white, and tasteless ; and, what is singular, very readily 
mixes again with the butter-milk; but it may be again sepa- 
rated by agitation, while the vessel, which contains it, is 
plunged in cold water. Skimmed ass’s milk is thin, and has 
an agreeable sweetish taste. Alcohol and acids separate from 
it a little curd, which has but a small degree of consistence. 
_ The serum yields sugar of milk and muriate of lime.+ 

Ass’s milk therefore differs from cow’s milk in three par- 
ticulars: 

1. Its cream is less abundant and more insipid. 

2. It contains less curd. 

3. It contains more sugar of milk: the proportion is 35 : 80. 

Goat’s milk, if we except its consistence, which is greater, Goat’s mitk. 
does not differ much from cow’s milk. Like that milk, it 
throws up abundance of cream, from which butter is easily ob- 
tained. The skimmed milk coagulates just as cow’s milk, and | 
yields a greater quantity of curd. Its whey contains sugar of 
milk, muriate of lime, and muriate of soda.t 


o—- 


* Parmentier, Jour. de Phys, xxxvil. 422. 
+ Ibid. p. 423. + Ibid. p. 425. 
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shell, 
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_ Ewe’s milk resembles almost precisely that of the cow: Its 
cream is rather more abundant, and yields a butter. which 
never acquires the consistence of butter from cow’s milk... Its 
curd has a fat and viscid appearance, and is not without diffi- 
culty made to assume the consistence of the curd of cow’s 
milk. It makes excellent cheese.* 

Mare’s milk is thinner than that of the cow, but scarcely so 
thin as human milk. Its cream cannot be converted ‘into but- 
ter by agitation. The skimmed milk coagulates precisely as 
cow’s milk, but the curd is not so abundant... The'serum con- 
tains sugar of milk, sulphate of lime, and muriate of lime.t 


SECT. XIII. 
OF EGGs. 


Tur eggs of fowls consist of four distinct parts; namely, 
the shell, a thin membrane that lines the shell ; and two liquids, — 
the white and the yolk, which fill the whole internal cavity of | 
the ego. 

1. The shell, as is well known, consists chiefly of carbonate 
of lime cemented together by an animal matter. But Vaus 
quelin has shown that it contains likewise magnesia, probably 
in the state of carbonate, phosphate of lime, and a notable — 
quantity of oxide of iron. The animal matter which acts as 
a cement to the calcareous salt contains sulphur as a constic 
tuent ; for when the shell is calcined, and then dissolved in an 
acid, the odour of sulphuretted hydrogen gas is perceptible. 
This odour is mixed with that of hydrocyanic acid, which is 
also formed during the calcination of ego-shell.+ 


2. The thin membrane which lines the inside of the shell of. 


the egg possesses the characters of albumen. ‘Like that sub- 
stance it dissolves in caustic potash, and is precipitated by — 
acids in white flakes, § . 7 

3. ‘The white is a glary insipid liquid, often used as a kind be | 
of varnish, and to clarify turbid liquors. For the most accu 
rate experiments on the composition of this liquid we are in- 
debted to Dr. Bostock. It had been considered as almost pure . 
albumen, but he has shown that it is of a more compound na- 


* Parmentier, Jour. de Phys, xxxviii. 428. t Ibid. p. 431. 
t Ann. de Chim, Ixxxi. 304. 
§ Vauquelin. Ibid, p. 309. 
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ture. When heated it coagulates; but a small portion remains Chap. 11. 


liquid, which, when evaporated to dryness, leaves a residue ~ 


possessing the properties of mucus. From the experiments of 
Bostock, it follows that white of egg is composed of 


Water @eoeseeeevee see @eee 80'0 
Adbuimen “ues, dq. 4 ag 
Baas) ee Vb eo aes 


100:0 * 
Besides some traces of soda, of sulphuretted hydrogen gas, 
and of benzoic acid. 
4, The yolk has a mild oily taste; when boiled, it becomes 4. The 
solid, and easily separates into small particles. If it be now 3% 
heated for some time in a pan, it softens; and when squeezed 
between the fingers, drops of oil exude. If put into linen in 
this state and pressed, an oil may be forced out. This oil is 
of a yellow colour and insipid, unless too much heat has been 
employed in preparing it. Its properties are those of fixed Contains 


oil, or rather of semifluid fat. Chandelier obtained this oil 


without the assistance of heat.+ 

The residue, after the separation of the oil, possesses the atumen, 
properties of albumen, though it is still a little coloured by the 
remains of the oil. Hence, when washed with water, a kind 
of emulsion is obtained. It is owing to the presence of albu- 
men that the yolk hardens when heated. 

Thus it appéars that the yolk consists of three constituents: 


1. Water. 
2. Oil. 
3. Albumen. 


The knowledge of its component parts enables us, without 
difficulty, to. explain the changes produced upon the yolk by 
the action of different reagents. 

Mr. Hatchett found that when yolk is boiled with potash, it Action of 
forms a pale olive-coloured concrete animal soap, which, when ?°#*"- 
dissolved in water, and saturated with muriatic acid, is thrown 
down in the state of fat. When burnt the yolk leaves a small 
residuum of phosphate of lime and phosphate of soda.t 

When agitated with water, the yolk forms a white emulsion 
like milk. ‘The principal use of the yolk is to serve for food 
to the chicken before it bursts the shell. 


: * Nicholson’s Jour. xi. 246 3 and xiv. 142. | 
; - + Jour. de Med. xvi. 43. } Hatchett, Phil. Trans. 1800. 
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SECT. XIV. 
OF SALIVA. 


Tue fluid secreted in the mouth, which flows in consider- | 
able quantity during a repast, is known by the name of saliva. | 
All the properties of this liquor which had been observed by | 
philosophers before the middle of the 18th century have been | 
collected by Haller:* but since that time several additional | 
facts have been related by Fourcroy, Du Tennetar, and Brug- | 
natelli; and a very numerous set of experiments have been | 
abhi by Mr. Siebold in 1797, in his Treatise on the | 
Salivary System. Berzelius has subjected saliva, as well as the 
other secretions, to an accurate analysis. 

Saliva is a limpid fluid like water; but much more viscid : 
it has neither smell nor taste. Its specific gravity, according 
to Hamberger, is 1:0167;{ according to Siebold, 1:080. I 
found it 1:0038. When agitated, it froths like all other ad- 
hesive liquids ; indeed it is usually mixed with air, and has the 
appearance of froth. 

It neither mixes readily with water nor oil;§ but by tritu- | 
ration in a mortar it may be so mixed with water as to pass | 
through a filter.|| It is said to have an affinity for oxygen, to 
absorb it readily from the air, and to give it out again to other 
bodies.** Hence the reason why gold or silver, triturated with 
saliva in a mortar, is oxidized, as Du Tennetar has observed ; 
and why the killing of mercury by oils is much facilitated by 
spitting into the mixture.}+ Hence also, in all probability, the 
reason that saliva is a useful application to sores of the skin. | 
Dogs, and several other animals, have constantly recourse to 
this remedy, and with much advantage. 

When mixed with water, a few flakes of mucus precipitate. 
From the experiments of Dr. Bostock, we learn that this mu- 
cus is not in a state of solution. It is separated by the filter, | 
and subsides of its own accord when the liquid is diluted wit 


* Haller’s Physiology, vol. vi. + Annals of Philosophy, ii. 379.” 

t Haller’s Physiology, vol. vi. 52. .§ Narcessus, ibid. p. 54. 

|| Fordyce on Digest. p. 51. 

** Fourcroy, Ann, de Chim. xxviii. 262. | 

++ Fourcroy, ibid.—Dr. Saunders ascertained long ago, that mercury soon | 
disappears when triturated with saliva. He found the mucus of the throat 
still more efhcacious, and the mucilage of gum arabic the most efficacious 
of all. 
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water. In his analysis, this matter amounted to 0°4 of the chap. 1. 


solid matter contained in the saliva examined.* 
When saliva is evaporated, it swells exceedingly, and leaves 


behind it a thin brown-coloured crust: but if the evaporation 


be conducted slowly, small cubic crystals of muriate of soda 
are formed. ‘The viscidity of saliva, the property which it has 
of absorbing oxygen, and of being inspissated, announce the 


presence of a peculiar matter as a component part. This 


is confirmed by the effect of acetate of lead, which produces 


a copious precipitate in saliva. Dr. Bostock considers this 


matter as constituting about + of the solid contents of saliva. 

When saliva is distilled in a retort, it froths very much: 
100 parts yield 80 parts of water nearly pure, then a little car- 
bonate of ammonia, some oil, and an acid, which perhaps is 


the prussic. ‘The residuum amounts to about 1°56 part, and 


is composed of muriate of soda, phosphate of soda and phos- 
phate of lime.t 
The acids and alcohol inspissate saliva; the alkalies disen- 


_ gage ammonia; oxalic acid precipitates lime ; and the nitrates 


of lead, mercury, and silver, precipitate phosphoric and mu- 
riatic acids. 

The constituents of Saliva, according to the analysis of Ber- 
zelius, are as follows: 


WWWedbat ys Lia's senate siacwed Lois sleeis wales 9929 

Peculiar animal matter........ sid we 129 

Marerisia erlang aie Bh all dase) orabenendten etfs 

Alkaline vauriatés ida Tui faie oes} 1°7 

Lactate of soda and animal matter... 0°9 

PUuUre:$Oda vie bas wasMrd. de Fie bears 0:2 
1000°0§ 


The peculiar animal matter possesses the characters of mu- 
cus as given in the last Chapter of this work. It is soluble in 
water, insoluble in alcohol, and precipitated by subacetate of 
lead. 

The substance to which Berzelius has thought proper to 
apply the term mucus is in white flakes, and has very much the 
appearance of coagulated albumen. It has been denominated 


* Nicholson’s Jour. xiv. 148. + Ibid. p. 149. 

{ Vorbeyen, Textor, Nuck, &c. as quoted by Haller, Physiol. vi. 55. 
Fourcroy, ix. 365. 

§ Annals of Philosophy, i. 379. 


508 


PARTS OF ANIMALS. 


Bookv. albumen both by Dr. Bostock and myself. It is quite inso- 
“—v— luble in water. _ It becomes transparent and horny in acetic, 


Saliva of 


the horse. 


muriatic, and sulphuric acids, but does not dissolve in them. 
It dissolves in caustic potash, and is again separated by acids. 
It is easily incinerated, and the ashes contain a considerable 
portion of phosphate of lime, though none of that salt can be 
detected in it before incineration. 

It is this peculiar substance which adheres to the teeth, 
and gives origin to the tartar with which they are often en- 
crusted. This tartar, according to the analysis. of Berzelius, is 


composed of 


Earthy phosphates ....... acest ey? Pb 2 i, i 
‘Undecomposed mucus ........0.000005 2 42°5 
Peculiar salivary matter’ .......4. ni sare forme ee) 


Animal matter soluble in muriatic acid ..  7°5 
100°0* 

Such are the properties of human saliva. The saliva of the 
horse was.analysed by Hapel Delachenier in 1780. He col- 
lected 12 ounces of it in the space of 24 hours by puncturing 
the salivary duct. Its colour was greenish-yellow; its feel 
soapy; it had a weak disagreeable smell and a saline taste. 
Boiling water and alcohol coagulated it in part; as did the 
acids. When-sulphuric acid. was. used,. sulphate of soda was 
obtained. It putrefied in about 14 days; and when allowed 
to evaporate spontaneously, it left a black residuum like earth. 
When distilled, it-yielded an. insipid watery liquid, crystals of 
carbonate of ammonia, a thick black empyreumatic oil, car- 
buretted hydrogen, and .carbonic .acid ; and a charcoal re- 
mained. 

It is rather surprising that no experiments have been hitherto 
made on the saliva of dogs; though the hydrophobia has been | 


‘usually ascribed to the infusion of the saliva of that animal 


rendered morbid by disease. 

The pancreatic juice has never been examined with ana 
attention ; but it does not appear, from the experiments that 
have been made, to differ much from saliya. 


* Annals of Philosophy, ii. 381. 
+ The remarks of Dr. Mead in his Essays on Poisons are too hypothetie 
and absurd to be transcribed. 
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OF BILE. 


Bite is a liquid of a yellowish-green colour, an unctuous Chap. 1. 
| feel, bitter taste, and peculiar smell, which is secreted by the bara cop 
liver; and in most animals considerable quantities of it are 
usually found collected in the gall bladder. 
_ Great attention has been Lad to this liquid by physicians ; nistory. 
because the ancients were accustomed to ascribe a very great 
number of diseases, and even affections of the mind, to its 
agency. Several important observations were made on it by 
Boyle, Boerhaave, Verheyen, Ramsay, and Baglivi; and some 
facts have since been added to our chemical knowledge of bile 
by Maclurg and Fourcroy. But the most accurate chemical 
analyses were those of Cadet, published in the Memoirs of 
the French Academy for 1767,.and of Van Bochante, pub- 
lished in 1778, till Thenard read his very ingenious experi- 
ments on it to the National Institute in 1805." Berzelius in- 
deed had given a still more accurate analysis of bile in the se- 
cond volume of his Animal Chemistry, published at Stockholm 
in 1808. But as that book was in the Swedish language, his 
results remained unknown to Chemists, till he published his 
“General Views of the Composition of Animal Fluids,” in the 
third volume of the Medico-chirurgical ‘Transactions, in 1812. 
I shall in the first place state the nature and properties of 
ox bile, and then give an account of the bile of other /ani- 
mals as far as it has been examined. 
~ 1. Ox bile is a liquid of a yellowish-green and sometimes of Properties 
a deep-green colour. Its taste is very bitter, but at the same * *""* 
time sweetish. Its smell is feeble, but peculiar and disagree- 
able. It does not act on vegetable blues. Its consistence 
varies very much. Soineuinen it is a thin mucilage; some- 
times very viscid and glutinous; sometimes it is perfectly 
transparent, and sometimes it contains a yellow coloured 
matter which precipitates when the bile is diluted with water. 
The specific gravity of ox bile seems to vary, like that of 
all other animal fluids. According to Hartmann, it is 1:0273;+ 
according to Thenard, 1°026 at the temperature of 43°. 
When strongly agitated, it lathers like soap; and for this 


* Mem. d’Arcueil, i, 23 and 46. + Haller’s Phys. vi. 546. 


510 


PARTS OF ANIMALS. 


Book V. reason, as well as from a medical theory concerning its use, 
—\— it has been often called an animal soap. 


Action of 
heat. 


It mixes readily with water in any proportion, and assumes 
a yellow colour; but it refuses to unite with oil; when the two 
fluids are agitated together, the instant that they are left at 
rest the oil separates and swims on the surface.* Bile, how- 
ever, dissolves a portion of soap readily, and is often employed 
to fie cloth from ereasy spots. 

When distilled to dryness it becomes at first slightly 
muddy; then it froths violently, and a colourless liquid passes 
into the receiver, having a smell similar to that of bile, and 
slightly precipitating superacetate of lead. ‘The residue in 
the retort, when well dried, amounts to from th to 4th of the 
whole. It has a greenish yellow colour, a very bitter taste, 
slightly deliquesces in the air, and is almost totally soluble in 
water and alcohol. When strongly heated. it is decomposed, 
and gives the usual products of animal ‘substances: only the 
proportion of oil is greater, and that of carbonate of ammonia - 


smaller, than what is furnished by most: animal bodies. A 


voluminous charcoal remains behind containing soda and 
several saline bodies; namely, common salt, phosphate of 
soda, sulphate of soda, phosphate of lime, and some traces 
of oxide of iron. The soda does not exceed ;1,th part of 
the bile. 

When an acid is added to hile, even in a minute quan- 
tity, it acquires the property of reddening vegetable blues. 
The addition of a little more acid occasions a precipitate, and 


sulphuric acid occasions a oreater precipitate than any other 


acid. This precipitate consists of a yellow coloured matter 
often visible in bile, and which is insoluble in water. If we 
continue to add sulphuric acid after the yellow matter has 
been removed, the picromel precipitates in combination with’ 
it and constitutes the green coloured matter formerly distin- 
guished by the name of resin of bile. ‘Thenard separated the 
picromel by means of acetate and subacetate of lead, and he 
considered it as two distinct substances, to which he gave the 
names of reszz and picromel. Berzelius has rectified this mis- 
take. Many years ago I mixed a quantity of muriatic acid 
with ox bile, decanted the liquid portion from the coagulum 
which precipitated. The liquid was put into a phial and 
placed near a window through which the sun shone for several _ 


* Ramsay, Thesaur. Med. Edin, ii. 459. Maclurg, p- 10. 
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hours every day. After some months I found the picromel chap. tt. 


precipitated to the bottom in.the form of small spheres, Its ~~~ 
colour was white, with a slight yellowish green tint, and its 
taste was sweet with an impression of bitterness. 


By evaporating a quantity of bile to dryness, calcining it, constitu. 
and proceeding in the usual, way, Thenard. ascertained the °'™ 
proportion of salts which it contained. The following was 
the result of his analysis of 800 parts of bile. 


Water .c oa ce $2 SG OE Se, reo 
Picromel and resin... ... esses ith 84°3 
Yellow matter tors ste: 54 se eye we Hoch 465 
SMO cle eh eas eras sss gthlen's Soa 40 
Phosphate of soda ...... hee By EF 2°0 


Muriate of sodtinlesewtswrnbredy oe 
Sulphate Of $008. < hie te eitadawmntd O'S 
Phosphate at lime temwmcacie soni a. 12 
Core OU ITO vas Cems kc ae ne ae ae LOC’ 


800°0 


The albumen, announced as a constituent of ox bile by 
Cadet * and Ramsay, was the yellow matter of Thenard. 

2. Such are the properties and the constituents of ox bile, Bile orother 
as far as they have been examined by Thenard. From the“ 
experiments of the same chemist it appears, that the bile of 
the calf, the dog, the sheep, and the cat, resemble that of the 


~ ox exactly, both in their properties and their constituents.{ 


3. The bile of the sow differs entirely from that of all these or the sow. 
animals. It contains neither albumen, nor animal matter, 
nor picromel, but is merely a soap, as it contains a great 
quantity of resin and of soda, and is decomposed with facility 


by all the acids, even by vinegar. It contains traces also of 


several salts; but Thenard did not ascertain their nature.§ 
4. The bile of the common hen, of the turkey, and the of tows. 
duck, has a good deal of resemblance to that of quadrupeds. 


But it differs in the following particulars: 1. It contains a 


considerable quantity of albumen; 2. ‘The picromel has no 
sensible sweet taste, but is very acrid and bitter; 3. It contains 
very little soda; 4. The resin is not precipitated by common 


‘ acetate of lead; but acetate, boiled with 1th of its weight of 
_litharge, occasions it to precipitate. | 


* Mem. Par. 1767, p. 340. ' + Thesaur. Edin. ii. 460. 
t Mem. d’Arcueil, 1, 48. § Ibid. p. 49. {| Ibid, p. 50. 
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5. The bile of the thornback and salmon is yellowish white. 
When evaporated it leaves a matter which has a very sweet 
and slightly acrid taste. It appears to contain no resin. ‘The 
bile of the carp and the eel is very green, very bitter, contains 
little or no albumen, but yields soda, resin, and a sweet acrid 
matter similar to that which may be obtained from gla 
bile.* 

6. The bile of the Ateles Arachnoides, according to Che 
vallier and Lassaigne, is composed of — 


Albumen, > 

A yellow colouring matter, 
Green resin, : 
Picromel, 

Muriates of potash-and soda, 
Phosphate of soda, 

A. trace of: phosphate of lime.+ 


7. The bile of the Felis discolor, according to the same 
chemists, contains 


Albumen, 
Yellow matter, 
Green resin, 
Picromel.t 


8. Human bile differs considerably from that of all other 
animals examined. Its colour is sometimes green, sometimes 
yellowish brown; sometimes it is nearly colourless. Its taste 
is not very bitter. It is seldom completely liquid, but usually 
contains some yellow matter suspended in it. "When evapo- 

rated to dryness it leaves a brown matter amounting to about 
th of the original weight. When this matter is calcined it_ 
yields all the sis enidh. are to be found in ox bile. All the 
acids decompose human bile, and throw down a copious 
precipitate consisting of albumen and resin. One part of 
nitric acid is bapebie of saturating 100 parts of bile. The- 
acetate of lead throws down the resin, and leaves nothing but. 
a yellowish liquid consisting of the salts of bile, and ‘sontal 
atoms of a peculiar sHRAED matter, the nature of which was 
not ascertained. The following were the proportions of these 


substances obtained by iienard from 1100 parts of human _ 
bile: 


* Mem. d’Arcueil, i. 53. ¢ Annals of Philosopliy, xvi. 95. 
t Ibid. © 
+ 
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1000°0 water | . Chap. 12, 
from 2 to 10 yellow insoluble matter. Conatitu- 


yellow matter in solution, a trace. ents, 


4.2°0 albumen. 
41:0 resin. 
5°6 soda. 
4°5 phosphate of soda, sulphate of soda, muriate of 
soda, phosphate of lime, oxide of iron. 


‘The following are the constituents which Berzelius found in 
human bile 


Wisteria es a: caidgwes Mer ar oe OUcem 
Hicromens:. an eeu ee ERO 


A lbtunentee. eure artes Satis settee. tl 
Sodas A Geen, 3 ee UPR ook on, BOL aeE 
Phosphate of lime ............0. 01 
i Common salt ...... da @ ati potas sew 


Phosphate of soda with some lime.. —_1°0 


1000°0 * 


SECT. XVI. 
OF THE CERUMEN OF THE EAR. 


Crrumen is a viscid yellow-coloured liquid secreted by the 
glands of the auditory canal, which gradually becomes con- 
crete by exposure to the air. For all the facts ‘respecting its 
‘composition at present known, we are indebted to Fourcroy 
and Vauquelin, especially the last, who analysed a consider- 
able portion of it. ‘ 

It has an orange-yellow colour and a bitter taste. When 

‘slightly heated upon paper, it melts, and stains the paper like 
anoil; at the same time it emits a slightly aromatic odour. 
On burning coals it softens, emits a white smoke, which re- 
sembles that given out by burning fat; it afterwards melts, 
swells, becomes dark-coloured, and emits an ammoniacal and 
empyreumatic odour. A light coal remains behind. 

When agitated in water, cerumen forms a kind of emulsion, 

which soon putrefies, depositing at'the same time white flakes, 

Alcohol, when assisted by heat, dissolves 4 of the cerumen 3 containe 

the 3 which remain behind have the properties of albumen, 2!>umen, 


Froperties, 


* Djur kemien, ii, 48. 
VOL. Iv. 2.1L 
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mixed however with a little oily matter. When the alcohol 
is evaporated, it leaves a deep-orange residuum of a very bit- 
ter taste, having a smell and a consistence analogous to tur- 
pentine. It melts when heated, evaporates in a white smoke 
without leaving any residuum, and in short resembles very | 
strongly the resin of bile. Ether also dissolves this oily body ; 
but it is much less bitter and much lighter coloured. When 
the albuminous part of cerumen is burnt, it leaves traces of 
soda and of phosphate of lime. From these facts Vauquelin | 
considers cerumen as composed of the following substances : 


1. Albumen. | 4. Soda. 
2. An inspissated oil. 5. Phosphate of lime. 
3. A colouring matter. ; 


The presence of the colouring matter is inferred from the 
portion taken up by ether being less coloured than that taken 
up by alcohol.* 


‘SECT. XVII. 
OF TEARS AND MUCUS. 


1. Twat peculiar fluid which is employed in lubricating 
the eye, and which is emitted in considerable quantities when 
we express grief by weeping, is known by the name of tears. 
For an accurate analysis of this fluid we are indebted to 
Messrs. Fourcroy and Vauquelin. Before their dissertation, 
which was published in 1791, appeared, scarcely any thing 
was known about the nature of tears. ie 

The liquid called tears: is transparent and colourless like 
water; it has scarcely any smell, but its taste is always per- 
ceptibly salt. Its specific gravity 1s somewhat greater than 
that of distilled water. It gives to paper stained with the juice 
of the petals of mallows or violet a permanently green colour, 
and therefore contains a fixed alkali.+ It unites with water, 
whether cold or hot, in all proportions. Aikalies unite with 
it readily, aud render it more fluid. The mineral acids pro- 
duce no apparent change upon it.{ Exposed to the air, this 
liquid gradually evaporates, and becomes thicker. When 
nearly feduced to a state of dryness, a number of cubic crys- 
tals form in the midst of a kind of mucilage. ‘These crystals 


* Fourcroy, ix. 373. , 
+ Fourcroy and Vauquelin, Jour. de Phys. xxxix. 256. } Ibid. 257. 
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' possess the properties. of muriate of soda; but they tinge ve- Chop. u. 


_ getable blues green, and therefore contain an excess ite soda. 


Me The iubilapinoNs matter acquires a yellowish-colour as it 


_ dries.* 


This liquid boils like water, excepting that a considerable 
froth collects on its surface. If it be kept a sufficient time at 
the boiling temperature, 25, parts of it evaporate in water, 
and there remain about *04 habts of a yellowish-matter, which 
by distillation in a strong heat yields water and a little oil: 
the residuum consists of different saline matters.+ 

When alcohol is poured into this liquid, a mucilaginous 
matter is precipitated in the form of large white flakes. The 
alcohol leaves behind it, when evaporated, traces of muriate of 
_ soda and soda. ‘The residuum which remains behind, when 
inspissated tears are burnt in the open air, exhibits some traces 
of phosphate of lime and phosphate of soda.t{ 

Thus it appears that tears are composed of the following 
ingredients : 


i Water. | A. Soda. Com posi- 
4. Mucus. 5. Phosphate of lime. ‘el 
3. Muriate of soda: 6. Phosphate of soda. 


The saline parts amount only to about 0:01 of the whole, 
or probably not so much. ~ 
The mucus contained in the tears hay the property of ab- properties 
sorbing oxygen gradually from the atmosphere, and of be- aie 
coming thick and viscid, and of a yellow colour. It is then 
insoluble in water, and remains long suspended in it without 
alteration. When a sufficient quantity of chlorine is poured 
into tears, a yellow flaky precipitate appears, absolutely si- 
‘Mmilar to this inspissated mucilage. The chlorine loses its pe- 
culiar odour; hence it is probable that oxygen has united to 
the mucilage. The property which this mucilage has of ab- 
-sorbing oxygen, and of acquiring new qualities, explains the 
changes which take place in tears which are exposed for a 
_ long time to the action of the atmosphere, as is the case with 
those persons who labour under a fistula lachrymalis.§ 
2. The mucus of the nose has also been examined by Four- mucus of 
croy and Vauquelin. They found it composed of. precisely copaien 
the same ingredients with the tears. As this fluid is more 


* Fourcroy and Vauquelin, Jour. de Phys. xxxixs 257. + Ibid. 
¥ Ibid. 259. § Ibid. 257. 
2L2 : 
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Book v. exposed to the action of the air than the tears, in most cases 
“~~ its mucilage has undergone less or more of that change which 


Fixpectora- 
éed matter. 


is the consequence of the absorption of oxygen. Hence the 
reason of the greater viscidity and consistence of the mucus 
of the nose; hence also the great consistence which it ac- 
quires during colds, where the action of the atmosphere is as= 
sisted by the increased action of the parts.” 

According to the analysis of Berzelius, the constituents of 
the mucus of the nose are as follows: 


Watery. euid itacr Jove) eee, A err sae 933°7 


ANE eG tas weiseye ws Rulivieda. sional + Gb A, Uadehavaces ands deaabce od pale aur One 
Muriate of potash and soda............-- suet Cae 
Lactate of soda with animal matter........ Sa to 
POCA T,. Kivenike s en, ii EOIN cei cht vai"aeel ais ere a esah tag ee REO Te? 


Albumen and animal matter soluble in water 
but insoluble in alcohol, with a trace of 3°5 
phosphate of soda... cece eee see ewe es 


1000:0-+ 


The mucus of the nose when immersed in water imbibes so 
much as to become transparent, and when dried on blotting 
paper loses nearly all the moisture it had imbibed. This may 
be repeated as often as we please; but the mucus gradually 
assumes a yellow colour. Though boiled in ‘water it does 
not lose its mucilaginous nature. It dissolves in diluted sul~ 
phuric acid. Nitric acid at first coagulates it; but if the di- 
gestion be continued, the mucus is at last dissolved into a 
yellow clear liquid. Acetic acid hardens and does not dis- 
solve it even in a boiling heat. Caustic alkali renders it at 
first more viscid, but finally dissolves it into a clear liquid. | 
Tannin coagulates it. 

The matter expectorated from the lungs and bronchi 
might be supposed to be mucilaginous; but from the experi- 
ments on it by Dr. Pearson, who has examined it with much 
care and ingenuity, § this does not appear to be the case. 
Dr. Pearson distinguishes seven different kinds of expectorated 
matter. 1. The jelly-like semitransparent kind of a bluish 
hue, excreted in a state of health; 2. The thin mucilage-like 
transparent matter so copiously expectorated in bronchial 
catarrhs; 3. The thick opaque straw-coloured, or white and 


* Fourcroy and Vauquelin, Jour. de Phys. xxxix. 259. 
4 Annals of Philosophy, ii. 382. ¢ Berzelius, ibid. ~ 
§ Pearson on Expectorated Matter. Phil. Trans, 1809. 
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very tenacious matter, coughed up in a great variety of bron- Chap. 11, 
_ chial and pulmonary affections, especially in that of tubercles ; ~~~ 
4. Puriform matter, secreted without any division of continuity 
or breach of surface of the bronchial membrane, very com- 
monly occurring in pulmonary consumptions: 5. The matter 
which consists of opaque viscid masses, together with trans- 
parent fluid ; or the second sort above stated with nodules of 
_ the third and fourth kind; 6. Pus from the vomice of tuber- 
cles; 7. Pus from vomice by simple inflammation. of the lungs 
and without tubercles. , 
From the experiments of Dr. Pearson, it appears that the composi- 
constituents of the first five of these species are nearly the "™ 
same. ‘The chief variation is in the proportions of the in- 
gredients. They all consist of water holding in solution a 
quantity of albumen or animal oxide (as Dr. Pearson terms it), 
_coagulable by heat and by the usual chemical agents. This 
albumen is combined with potash* which it neutralizes. 
This albumen sometimes amounts to the twelfth or even the 
tenth of the expectorated matter; and when smallest it is 
never less than jth. The usual proportion varies from eth 
to sth. The potash varies between +. and aths of a part in 
1000 of the expectorated matter. | 

Expectorated matter yields traces of sulphur, and perhaps 
also of phosphorus, and it contains the following saline sub- 
stances: 1. Muriate of'soda, varying from 1+ to 24 in the 1000 
of expectorated matter; 2. Phosphate of lime abont 1 a part 
in the 1000; 3. Ammonia united probably to phosphoric 
acid; 4. A phosphate probably of magnesia; 5. Carbonate 

of lime; 6. A sulphate; 7. Vitrifiable matter probably silica; 
8. Oxide of iron. The whole of these last six substances 
scarcely amounts to one part in the 1000 of expectorated 
matter. 

The proportion of saline matter and of albumen present in 
expectorated matter varies much in different circumstanees. 
The thicker it is in general the smaller is the quantity of sa- 
line matter; whereas when very thin it is often impregnated 
with salts, especially with muriate of soda to a great degree, 
and tastes distinctly salt and hot. 


* Dr. Pearson thinks that the alkali in animal fluids is not soda, as 
has hitherto been supposed, but potash. He has found this to be the 
case in blood, dropsy fluid, pus, liquid from blisters, urine, and mucus of 
the nose, 
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SECT. XVIII. 
LIQUOR OF THE PERICARDIUM. 


Tus is a liquor which lubricates the heart. It has been 
examined by Dr. Bostock, having been obtained from the peri- 
cardium of a boy who had died suddenly.* 

It had the colour and appearance of the serum of the blood. 
Evaporated to dryness, it left a residue amounting to ;th of 
its weight. When exposed to the heat of boiling water, it 
became opaque and thready. It was copiously precipitated 
by corrosive sublimate before boiling; but when boiled, eva- — 
porated to dryness, and redissolved, the solution was not — 
affected by this salt. ‘These experiments show us that it con- _ 
tained albumen. When saturated with corrosive sublimate, — 
infusion of galls produced no effect, indicating the absence of 
gelatin. It was copiously precipitated by subacetate of lead, 
even after being boiled to dryness and the residue redissolved 
in water. Nitrate of silver indicated the presence of muriatic 
acid. Dr. Bostock, from his experiments, considers it as 
composed of 

"Water ih wd alg lee a gneiss teeter 
Albumett!. a's e's ss 0's baie) etree 
TIVIQCUS J foub ets in elaine sa riiabes | Gaal 
Muriate of soda ......... O°9 


100°0 
SECT. XIX. - 


OF THE HUMOURS OF THE EYE. 


Tue eye is one of the most delicate and complicated organs 
in the body; at the same time its structure, and the uses of 
its parts, are better understood than almost any of the other 
instruments of sensation. It is composed of several concen* 
tric coats, which have not been chemically examined; but, 
from the experiments of Hatchett on similar substances, we 
may consider it as probable that they possess the properties of 
coagulated albumen. The internal part of the eye is chiefly 
filled with three transparent substances, which have been called, 


* Nicholson’s Jour. xiv. 147- 
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_ humours by anatomists; namely, 1. The aqueous humour, im- Chap. 
_ mediately behind the cornea; 2. The crystalline humour or 
lens; and, 3. The vitreous humour, behind the lens, and oc- 
 cupying the greatest part of the eye. We knew scarcely any 
thing of the chemical properties of these humours till Mr. 
Chenevix published an analysis of them in the Philosophical 
Transactions for 1802. Since that time an analysis of them 
has likewise been published by Nicholas,* and by Berzelius.+ 
I. Most of the experiments of Chenevix were made upon Eye of 
the eyes of sheep, as most easily procured. He afterwards oa 
tried the properties of humours from the eyes of other 
animals. 
1, The aqueous humour of the eye of the sheep is a clear Aves 
transparent liquid like water, which has very little smell or 
taste when fresh. Its specific gravity is 1:0090 at the tem- 
perature of 60°. 
It scarcely alters vegetable blues when fresh.t When ex- 
“posed to the air it evaporates slowly, and becomes slightly 
putrid. When boiled a very slight coagulum is formed. 
When 100 parts are evaporated to dryness, they leave eight 
parts of residuum. ‘Tannin occasions a precipitate in it both 
before boiling and after it. Nitrate of silver occasions a pre- 
cipitate of muriate of silver; but no precipitate is produced 
by other metallic salts. Hence it appears that the aqueous 
humour is water slightly impregnated with the following 
substances ; 
1. Albumen. 
2. Gelatin. 
3. Muriate of soda. 


For Mr. Chenevix found that the muriatic acid was in com- 
bination with soda. Nicholas has likewise detected a little 
phosphate of lime in it. 
Its constituents, according to the analysis of Berzelius, are, 


DWCER Se TOSI EI. GU ee oa A OPTS 
‘Albemett MA POE, Oe a AO Brae’ 
Muriates and lactates’.)..3 res RO ee PBS 
Soda with animal matter soluble only in water 0°75 


100°00 


* Ann, de Chim. lii. 307. + Annals of Philosophy, ii. 385. 
+ Nicholas found that it turned paper stained with the petals of the 
mallow to green. — 
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2. The vitreous matter possesses the very same properties 
as the aqueous; even its specific gravity is the same, or only 
a very little greater. Its constituents, according to the ana- 
lysis of Berzelius, are 


bcc sta aicur ibe inubotinyiy wepthivis aizias Diese inks wounds yaiy ty 242 bs 
INUIT Sl tee ee ke ee ee ete 
Mouriates "and lactates oes eee cece ce VAS 
Soda with animal matter soluble only in water 0°02 


100°00 


3. The crystalline lens is solid: densest in the centre, and 
becoming less solid towards the circumference. It is com- 
posed of concentric coats, and is transparent. Its specific 
gravity is 1:1000, When fresh it has little taste. It putrefies 
very rapidly. 


It is almost completely soluble in water. The solution is — 


partly coagulated by heat, and gives a copious precipitate with 
tannin both before the coagulation and after it. It gives no 
traces of muriatic acid. Its composition, according to the 
analysis of Berzelius, is as follows: 


WE RUET ie ss a gih cies PTS ee eT ann oe Vea 9 +e oS 
Peculiar matter...... GEA otal canna peate in, 0 a OOS 
Muriates, lactates, and animal matter, soluble OA 
UP ULOUOL 2 see. cae ate Te eRe 
Animal matter soluble only in water with some 13 
phosphates 7iP On) MAE: NOE AAS 
Portions of the remaining insoluble ke ag oa, 
MEM GTAN Gi. vig sid is hk a ec aaa Ee ak. #4 
100°0 


The peculiar matter of the lens possesses all the chemical | 


characters of the colouring matter of the blood, except co- 
lour. When burnt it leaves a little ash containing a very 
small portion of iron. When its solution in water is coagu- 
lated by boiling, the liquid in which the coagulum was formed 


reddens litmus, has the smell of the humours of the muscles, . 


and like them contains free lactic acid.* 


II. The humours of the human eye are composed of the | 


same ingredients as those of the sheep; the only perceptible 
difference consists in their specific gravity. The specific 
gravity of the human aqueous and vitreous humours is 1:0053; 


‘that of the crystalline 10790. 


* Berzelius, Annals of Philosophy, ii, 385. 
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II. The humours of the eyes of oxen resemble those of the chap. 1f. 
sheep in their composition. The specific gravity of the aque- 5 ve 
ous and vitreous humours is 1:0088; that of the crystalline oxen. 
1°0765. 
From these three sets of experiments Mr. Chenevix has 
drawn, as a probable conclusion, that the difference between 
~the density of the aqueous and crystalline humours, and that 
of the crystalline, is in the inverse ratio of the diameter of 
the eye, taken from the cornea to the optic nerve. 
The crystalline of the ox weighed 30 grains. When the 
whole of it was pared away except the six grains in the centre, 
_ the specific gravity was found to be 1:194.* 
_. IV. Mr. Chenevix, in his paper, makes no mention of the Eye of 
eyes of birds; but Sir H. Davy published an abstract of it in °“* 
the first volume of the Journal of the Royal Institution. He 
there states that Mr. Chenevix found the humours of the eyes 
of birds composed of the same constituents as the eyes of 
other animals; but that he found at the same time the specific 
gravity of the vitreous humour in these animals greater than 
the specific gravity of the crystalline.+ 
V. A curious set of experiments has been made by Leopold 
Gmelin on the black pigment, which lines the choroid coat of 
the eye. From 500 eyes of oxen and calves he collected 75 
grains of this substance. Its colour is blackish brown. It is 
tasteless, and adheres to the tongue like clay. It is insoluble 
in water, alcohol, ether, oils, lime water, and distilled vinegar. 
It dissolves in potash and ammonia when assisted by heat, and 
is again precipitated by acids. Sulphuric acid dissolves it and 
acquires a black colour. Muriatic acid forms only an imper- 
fect solution. Nitric acid dissolves it, and changes its colour 
to reddish-brown. When distilled it yields water, a brown 
oil, and carbonate of ammonia. It gives out at the same time 
carburetted hydrogen, carbonic oxide, azotic and oxygen 
gases. ‘The coal remaining in the retort consists almost 
entirely of charcoal. 


SECT. XX. 
OF SINOVIA. 


Wiruin the capsular ligament of the different joints of the 
body there is contained a peculiar liquid, intended evidently to 


* See Phil. Trans. 1802, and Phil. Mag. xvi. 268. 
+ Jour. of the Royal Instit. i. 297. 
t Schweigger’s Jour, x. 507. 
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lubricate the parts, and to facilitate their motion. This liquid 
is known among anatomists by the name of sinovia. ? 
Whether it be the same in different animals, or even in all 
the different joints of the same animal, has not been deter- 
mined, as no accurate analysis of the sinovia of different ani- 
mals has been attempted. The only analyses of sinovia 
hitherto published are, 1. that by Mr. Margueron, in the 14th 
volume of the Annales de Chimie. He made use of sinovia 


_ obtained from the joints of the lower extremities of oxen. 


Sinovia of 
the ox. 


Contains al- 
bumen, 


And a fie 
brous mate 
ter, 


2. That of the sinovia of an elephant by M. Vauquelin. 

The sinovia of the ox, when it has just flowed from the | 
joint, is a viscid semitransparent fluid, of a greenish-white 
colour, and a smell not unlike frog-spawn. It very soon ac- 
quires the consistence of jelly; and this happens equally whe- 
ther it be kept in a cold or a hot temperature, whether it be 
exposed to the air or excluded from it. ‘This consistence does 
not continue long; the sinovia soon recovers again its fluidity, 
and at the same time deposits a thready-like matter.* 

Sinovia mixes readily with water, and imparts to that - 
liquid a great deal of viscidity. ‘The mixture froths when 
agitated; becomes milky when boiled, and deposits some 
pabieles on the sides of the dish; but its viscidity is not dimi- 
nished.t 

When alcohol is s poured into sinovia, a white substance 
precipitates, which has all the properties of albumen. One 
hundred parts of sinovia contain 4°52 of albumen. The liquid 
still continues as viscid as ever; bnt if acetic acid be poured 
into it, the viscidity disappears altogether, the liquid becomes 
transparent, and deposits.a quantity of matter in white threads, 
which possesses the following properties: 1. It has the colour, 
smell, taste, and elasticity of vegetable gluten. 2. It is soluble 
in concentrated acids and pure alkalies. It is soluble in cold — 
water; the solution froths. Acids and alcohol precipitate the — 
fibrous matter in flakes. One hundred parts of sinovia contain — 
11°86 of this matter. 

When the liquid, after these substances have been sepa- 
rated from it, is concentrated by evaporation, it deposits crys- 
tals of acetate of soda. Sinovia, therefore, contains soda. 
Margueron found that 100 parts of sinovia contained about 
0°71 of soda. 


* Margueron, Ann. de Chim, xiv. 124. + Ibid. p. 126. 
+ Ibid. p. 126, 180. 
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SINOVIA. 


When strong sulphuric, muriatic, nitric, acetic, or sul- 


_ phurous acid is poured into sinovia, a number of white flakes 
| precipitate at first, but they are soon redissolved, and the vis- 


cidity of the liquid continues. When these acids are diluted 
with five times their weight of water, they diminish the trans- 
parency of sinovia, but not its viscidity; but when they are 


so much diluted that their acid taste is just perceptible, they 


precipitate the peculiar thready matter, and the viscidity of 
the sinovia disappears.* 
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When sinovia is exposed to a dry atmosphere, it gradually ana saits. 


evaporates, and a scaly residuum remains, in which cubic crys- 
tals, and the white saline efflorescence are apparent. ‘The 
cubic crystals are muriate of soda. One hundred parts of 
sinovia contain about 1°75 of this salt. The saline efflorescence 
is carbonate of soda. 

Sinovia soon putrefies in a moist atmosphere, and during the 
putrefaction ammonia is exhaled. When it is distilled in a 
retort, there comes over first, water, which soon putrefies; then 


water containing ammonia; then empyreumatic oil and car- 


bonate of ammonia. From the residuum muriate and carbo- 
nate of soda may be extracted by lixiviation. The coal con- 


_ tains some phosphate of lime.t 


From the analysis of Mr. Margueron, it appears that sino- 
via is composed of the following ingredients : 


Fibrous matter ......... 11°86 
ALL DIAN he Sig) by ascdieuatal bald wie gee & 
Muriate of soda ......4. 1°75 
iS thot dic Eide Dialnieieraeleokel he 
Phosphate of lime ...... 0°70§ 
Via tere datslasslatetate kit apelin me) ne 


100°00 


Vauquelin found the properties of the sinovia of the ele- 


_ phant very similar to that of oxen.| | 
How far the sinovia of the human body resembles that of gouty con- 


oxen it is impossible to say. The following fact renders it 


# Margueron, Ann. de Chim. xiv. 127. + Ibid. p. 125. 

¥ Ibid. p. 128. 

§ Mr. Hatchett found only 0:208 of phosphate of lime in the sinovia 
which he examined. He found, however, traces of some other phosphate 5 
probably phosphate of soda, Phil. Trans. 1799, p. 246. 

|| Annals of Philosophy, xit. 120. 


Composi- 
lion, 


cretionss 


524 


Book v. probable that it either contains different ingredients; or is 


PARTS OF ANIMALS. 


—v-" liable to alteration from disease. Concretions often form in 


Properties. 


the joints of gouty people, and make their way through the 
skin. ‘These, in common language, are called chalk-stones, 
Dr. Wollaston, Dr. Pearson, and Mr. Tennant analysed 
some of them, and found them composed of urate of soda.* 
This analysis has been repeated by Fourcroy, and confirmed.+ 
It is doubtless this fact that has induced Fourcroy to conjec- 
ture that uric acid forms a constituent part of sinovia.t 


Neh Oe Ph 
OF SEMEN. 


‘Tue peculiar liquid secreted in the testes of males, and de- 
stined for the impregnation of females, is known by the name 
of semen. The human semen and the melt of fresh water 
fishes alone have hitherto been subjected to chemical analysis. 
Nothing is known concerning the seminal fluid of other ani- 
mals, 1. Vauquelin published an analysis of the human 
semen in 1791. | 3 

Semen, when newly ejected, is evidently a mixture of two 
different substances: the one fluid and milky, which is sup- 
posed to be secreted by the prostate gland; the other, which. 
is considered as the secretion of the testes, isa thick mucilagin- 
ous substance, in which numerous white shining filaments 
may be discovered.§ It hasa slight disagreeable odour, an 
acrid irritating taste, and its. specific gravity is greater than 
that of water. When rubbed in a mortar it becomes frothy, 
and of the consisterice of pomatum, in consequence of its en- 
veloping a great number of air-bubbles. It converts paper, 
stained with the blossoms of mallows or violets to a green 
colour, and consequently contains an alkali.|| 

As the liquid cools, the mucilaginous parts become trans- 


parent, and acquire a greater consistency ; but in about 


twenty minues after its emission, the whole becomes perfectly, 
liquid. This liquefaction is not owing to the absorption of 
moisture from the air, for it loses instead of acquiring weight 

during its exposure to the atmosphere; nor is it owing to the 
action of the air, for it takes place equally in close vessels.** 


* Jour. de Phys. xlv. 399. } Fourcroy, x. 267. 
+ Ibid. ix. 224, § Vauquelin, Ann. de Chim, ix. 64. 
i} Ibid. p. 65, ** Ibid, p. 66. 
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Semen is insoluble in water before this spontaneous liquefac- 
- tion, but afterwards it dissolves readily in it. When alcohol 
or chlorine is poured into this solution, a number of white 


_ flakes are precipitated.* Concentrated alkalies facilitate its 


combination with water. Acids readily dissolve the semen, 
and the solution is not decomposed by alkalies; neither indeed 
is the alkaline solution decomposed by acids.+ 

Lime disengages no ammonia from fresh semen; but after 
that fluid si damaisda for some time in a moist ‘and warm 
atmosphere, lime separates a great quantity from it. Con- 
sequently ammonia is formed during the exposure of semen to 


_ the air.t 


When chlorine is poured into semen, a number of white 


flakes precipitate, and the acid loses its peculiar odour. 
_ These flakes are insoluble in water, and even in acids. If the 
_ quantity of acid be sufficient, the semen acquires a yellow 


colour. Thus it appears that semen contains a mucilaginous 
substance analogous to that of the tears, which coagulates by 


absorbing oxygen. Mr. Vauquelin obtained from 100 parts 


of semen six parts of this mucilage. 
. When semen is exposed to the air about the temperature 
of 60°, it becomes gradually covered with a transparent pelli- 
cle, and in three or four days deposits small transparent crys- 
tals, often crossing each other in such a manner as to repre- 
sent the spokes of a wheel. These crystals, when viewed 
through a microscope, appear to be four-sided prisms, termi- 
nated by very long four-sided pyramids. ‘They may be sepa- 
rated by diluting ‘the liquid with water, and decanting it off. 
They have all the properties of phosphate of lime.¢§ of after 
the appearance of these crystals, the semen be still allowed to 
remain exposed to the atmosphere, the pellicle on its surface 
gradually thickens, and a number of white round bodies ap- 
pear on different parts of it. ‘These bodies also are phosphate 
of lime, prevented from crystallizing regularly by the too 
rapid abstraction of moisture. Mr. Vanquelin found that 
100 parts of semen contain three parts of phosphate of lime.]| 
If at this period of the evaporation the air becomes moist, 


other crystals appear in the semen, which have the properties 
of carbonate of soda. The evaporation does not go on to 


complete exsiccation, unless at the temperature of 77°, and 


* Vauquelin, Ann. de Chim. ix. 70. Peibid $99. 71. 
t Ibid. p. 71. § Ibid. p. 67 and 73. | Ibid. p. 68. 
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when the air is very dry. When all the moisture is evapo- 


“~—’ rated, the semen has lost 0°9 of its weight; the residuum is 


Action of 
heat.. 


€omposi- 
tion. 


Milt of the 
carp, 


semitransparent like horn, and brittle.* 

When semen is kept in very moist air, at the temperature 
of about 77°, it acquires a yellow colour, like that of the yolk 
of an egg; its taste becomes acid, it exhales the odour of 
putrid fish, and its surface is covered with abundance of the 
byssus septlica.+ 

When dried semen is exposed to heat in a crucible, it 


melts, acquires a brown colour, and exhales a yellow fume, — 


having the odour of burnt horn. When the heat is raised, - 


the matter swells, becomes black, and gives out a strong odour 
of ammonia. When the odour of ammonia disappears, if the 
matter be lixiviated with water, an alkaline solution may be 
obtained, which, by evaporation, yields crystals of carbonate 
of soda. Mr. Vauquelin found that 100 parts of semen con- 
tain one part of soda.{ Ifthe residuum be incinerated, there 
will remain only a quantity of white ashes, consisting of phos- 
phate of lime. a 
Thus it appears that semen is composed of the following 
ingredients : 
WY ALOCe Pec ee ge st a 
Nieitabe tet ee 0 PG 
Phosphate of lime. 3 
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et 
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II. Fourcroy and Vauquelin published a set of experiments 
on the milt of the carp in the year 1807,§ from which it ap- 


pears that the nature and composition of this substance is dif 


ferent from that of every other hitherto examined. The milf’ 
of this fish, as is well known, has a whitish colour, a soft con- 
sistence, a greasy feel, and a smell similar to that of fish. It is 
neither acid nor alkaline. When triturated with potash no am- 
moniacal odour is exhaled, and it forms with the alkali a thick 


magma. Thirty parts of milt mixed with six parts of potash, 


and a sufficient quantity of water, and distilled, yielded only 
traces of ammonia, coming obviously from some muriate of 
ammonia, which exists naturally in the milt. When milt is 
dried slowly in‘a moderate heat it loses 2ths of its weight, be- 


* Vauquelin, Ann. de Chim, ix. 68. + Ibid. p. 68. 
J Ann. de Chim. ix, 75. § Ibid. lxiv. 5. 
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comes yellow and brittle. When heated in a platinum cru- Cbap. 1. 
_ eible it softens and then melts, exhaling yellow vapours having 
the smell of animal oil. The charcoal formed contains a 
notable quantity of uncombined phosphoric acid, together 
with some phosphate of lime and phosphate of magnesia. 
As the acid did not exist in the milt it must have been formed contains 


_ during the combustion ; and hence it follows that milt contains °"°*?"°"™* 


a notable quantity of phosphorus as a constituent. 

One hundred and twenty-three parts of fresh milt, cautiously 
distilled in an earthen-ware crucible gradually heated to 
_ whiteness, furnished the following products: 1. A great deal 
of colourless water holding in solution carbonate of ammonia, 
a good deal of prussiate of ammonia, and traces of muriate 
of ammonia; 2. A transparent oil slightly yellow; 3. A fluid 
blood-red oil; 4. A thick blackish-brown oil; 5. Crystals 
of carbonate and prussiate of ammonia; 6. A quantity of 
phosphorus; 7. A small quantity of carbonic acid and heavy 
inflammable air. The charcoal] remaining in the retort amounts 
to 74. parts, and contains no disengaged phosphoric acid. 

When milt is triturated in distilled water a white opaque 
liquid is obtained, which does not become transparent though 
passed through the filter. When the liquid is boiled an albu- 
minous matter coagulates; and if the residuary liquid be eva- 
porated sufficiently it gelatinizes; a proof that it contains 
gelatin. Alcohol digested on milt dissolves a substance which 
possesses the properties of animal soap. When it is separated 
the milt becomes dry and harsh to the feel; a proof that its 
unctuosity was owing to the presence of the animal soap. 

Thus it appears that milt contains albumen, gelatin, phos- Constitu- 
phorus, phosphate of lime, phosphate of magnesia, and mu- “~ 
riate of ammonia. 


SECT. XXII. 
OF THE LIQUOR OF THE AMNIOS. 


Ture foetus in the uterus is enveloped in a peculiar membra- 
nous covering, to which anatomists have given the name of 
amnios. Within this amnios there is a liquid, distinguished 
by the name of the liquor of the amnios, which surrounds the 
foetus on every part. This liquid, as might have been expected, 
is very different in different animals; at least the liquor amnii 
in women and in cows, which alone have hitherto been ana- 


lysed, have not the smallest resemblance to each other. ‘These 
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528 


PARTS OF ANIMALS, 


Book Y- two liquids have been analysed by Vauquelin and Buniva, and 
the result of their analysis has been published in the 33d vo- 


Liquor of 
the human 
amnios. 


Composi-« 
tion. 


Curdy mat. 
ter deposit- 
ed on the 
featus. 


lume of the Annales de Chimie. 


1. The liquor of the amnios of women is a fluid of a slightly 


milky colour, a weak pleasant odour, and a saltish taste. 


The 


white colour is owing to a curdy matter suspended in it, for it 
may be obtained quite transparent by filtration.* 


Its specific gravity is 1°005. 


It gives a green colour to the 


tincture of violets, and yet it reddens very decidedly the tinc- 


ture of turnsole. 


once the presence of an acid and of an alkali. 


These two properties would indicate at 


It froths con- 


siderably when agitated. On the application of heat it becomes 


opaque, and has then a great 


with a large quantity of water. 


resemblance to milk diluted 
At the same time it exhales 


the odour of boiled white of egg. + 


Acids render it more transparent. 


animal matter in small flakes. 


Alkalies precipitate an 
Alcohol likewise produces a 


flaky precipitate, which, when collected and dried, becomes 


transparent and very like glue. 


duces a very copious brown-coloured precipitate. 


The infusion of nutgalls pro- 
Nitrate of 


silver occasions a white precipitate, which is insoluble in nitric 
acid, and consequently is muriate of silver. { 

When slowly evaporated, it becomes slightly milky, a trans- 
parent pellicle forms on its surface, and it leaves a residuum 


which does not exceed 0°012 


of the whole. By lixiviating 


this residuum, and evaporating the ley, crystals of muriate and 
carbonate of soda may be Sota The remainder, when 
incinerated, exhales a fetid and ammoniacal odour, resembling 
that of burning horn; the ashes consist of a aah quantity of 
carbonate of soda, and of phosphate and carbonate of lime.§ 
Thus we see that the liquor of the human amnios is com-, 


posed of about 
Water 


Albumen . 


see 
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Muriate of soda, Bed: ; Le 
Phosphate of lime, lime .. 


While the foetus is in the uterus, a curdy-like matter is de- 


100°0 


posited on the surface of its skin, and in particular parts of 
its body. ‘This matter is often found collected in considerable 


* Ann. de Chim. xxxiil. 270. 
t Ibid. p. 271: 


’ 


+ Ibid. p. 271. 
§ Ibid. p. 272. 
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le quantities. It is evidently deposited from the liquor of the chap. 1. 


amnios; and consequently the knowledge of its peculiar nature 


rust throw considerable light upon the properties and use of 


that liquor. For an analysis of this substance we are also in- 
debted to Vauquelin and Buniva. 

Its colour is white and brilliant; it has a soft feel, and very 
much resembles newly prepared soap. It is insoluble in water, 
alcohol, and oils. Pure alkalies dissolve part of it, and form 
with it a kind of soap. On burning coals it decrepitates like 
a salt, becomes dry and black, exhales vapours which have the 
odour of empyreumatic oil, and leaves a residuum which is 
very difficultly reduced to ashes. When heated in a platinum 


crucible it decrepitates, lets an oil exude, curls up like horn, 


and leaves a residuum, consisting chiefly of carbonate of 
lime.* | 
These properties show that this matter is different from 


_ every one of the component parts of the liquor of the amnios, 


and that it has a great resemblance to the fat. It is probable, 
as Vauquelin and Buniva have conjectured, that it is formed 
from the albumen of that liquid, which has undergone some 


_ unknown changes. It has been long known that the parts of 


a foetus, which has lain for some time after it had been deprived 
of life in the uterus, are sometimes converted into a kind of 
fatty matter. It is evident that this substance, after it is de- 
posited upon the skin of the foetus, must preserve it in a great 


_ measure from being acted upon by the liquor of the amnios. 
2. The liquor of the amnios of the cow + has a viscidity riquor of 


similar to mucilage of gum arabic, a brownish-red colour, an 


acid and bitter taste, and a peculiar odour, not unlike that of 
some vegetable extracts. Its specific gravity is 1:028. It 


_ reddens the tincture of turnsole, and, therefore, contains an 


acid. Muriate of barytes causes a very ‘abundant precipitate, 
which renders it probable that it contains sulphuric acid. 
Alcohol separates from it a great quantity of a reddish-coloured 
matter.{ 

When this liquid is evaporated, a thick frothy scum gathers 
on the surface, which is easily separated, and in which some 


* Ann. de Chim. xxxiil. 274. 

t+ A minute account of the liquor amnii, and of the liquor alantoidis, of 
the cow, has been published by Dzondi; for an abstract of which see Geh- 
len’s Jour. Second Series, ii. 652. 

{ Ann. de Chim, xxxiil. 275. 
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white acid-tasted crystals may be discovered. By continuing 
the evaporation, the matter becomes thick and viscid, and has 
very much the look of honey. Alcohol boiled upon this thick 
matter, and filtered off, deposits upon cooling brilliant needle- _ 
form crystals nearly an inch in length. These crystals may 
be obtained in abundance by evaporating the liquor of the 
amnios to a fourth part of its bulk, and then allowing it to 
cool. ‘The crystals soon make their appearance. They may 
be separated and purified by washing them in a small quantity 
of cold water. These crystals are amniotic acid.* 

If after the separation of this acid the liquor of the amnios 
be evaporated to the consistence of a syrup, large transparent 
crystals appear in it, which have all the properties of sulphate 
of soda. The liquid of the amnios of cows contains a con- 
siderable quantity of this salt. 

Thus it appears that the liquor of the amnios of cows con- 
tains the following ingredients : 


1... Water. , 3. Acid. 
2. Apeculiar animal matter. 4. Sulphate of soda. 


The animal matter possesses the following properties : it has 
a reddish-brown colour and a peculiar taste; it is very soluble 
in water, but insoluble in alcohol, which has the property of 
separating it from water. When exposed to a strong heat it 
swells, exhales first the odour of burning gum, then of em- 
pyreumatic oil and of ammonia, and at last the peculiar odour 
of prussic acid becomes very conspicuous. It differs from 
gelatin in the viscidity which it communicates to water, in not 
forming a jelly when concentrated, and in not being precipi- 
tated by tannin. It must be therefore ranked among the very | 
undefined and inaccurate class of animal mucilages.. When 
burnt, it leaves a very large coal, which is readily incinerated, 
and leaves a little white ashes, composed of phosphate of mag- 
nesia, and a very small proportion of phosphate of lime. + 

Dr. Prout examined the liquor amnii, taken from the uterus 
of a cow, slaughtered in an early period of gestation. Its 
colour was yellow, its smell like that of new milk, its taste 
like that of fresh whey. He could not detect in it any am- — 
niotic acid, but it contained a sensible quantity of sugar of milk. 
Its constituents were as follows: 


* Ann. de Chim, xxxiii. 276 + Ibid. 278. 
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Substances soluble in alcohol..............2..2 166 


Substances soluble in water, chiefly wee of 38 
soda? and other salts, also sugar of milk . 


1000°0 * 


The portion soluble in alcohol consisted partly of the lac- 
tates, but chiefly of a peculiar substance, having considerable 
external resemblance to the external brown parts of roasted 
veal, 


SECT. XXIII. 


OF ANIMAL POISONS. 


SEVERAL animals are furnished with liquid juices of a poi 
sonous nature, which, when poured into fresh wounds, occa 
sion the disease or death of the wounded animal. Serpents, 
bees, scorpions, spiders, are well-known examples of such 
animals. ‘Ihe chemical properties of these poisonous juices 
deserve peculiar attention; because it is only from such an 
investigation that we can haeg to explain the fatal changes 
which they induce on the animal economy, or to discover an 
antidote sufficiently powerful to counteract their baneful influ- 
encef Unfortunately the task is difficult, and perhaps sur- 
passes our chemical powers. For the progress already made 
in the investigation we are indebted almost entirely to the 
labours of Fontana. 

1, The poison of the viper is a yellow liquid, which lodges Poison of 
in two small vesicles in the animal’s mouth. These commu. '¢ ‘Per 
nicate by a tube with the crooked fangs, which are hollow, 
and terminate in a small cavity. When the animal bites, the 
vesicles are squeezed, and the poison forced through the fangs 
into the wound. ‘This structure was partly observed by Redi, 
an Italian Philosopher; and his discoveries were completed 
~ and confirmed by the experiments and observations of Fran- 
cini,t ‘Tyson, t Mead,§ and Fontana. 

This poisonous juice occasions the fatal effects of die viper’s 


* Annals of Philosophy, v. 416. 
+ New Abridg. of the Phil. Trans. 11. 8. 
* J Phil. Trans. vol. xii. § Mead on Poisons, p- 35 
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bite. If the vesicles be extracted, or the liquid prevented fron 
flowing into the wound, the bite is harmless. If it be infused. 
into wounds made by sharp instruments, it proves as fatal as 
when introduced by the viper itself. Some of the properties 
of this liquid were pointed out by Mead; but it was Fontana 
who first subjected it to a chemical examination, sacrificing 
many hundred vipers to his experiments. ‘The quantity con- 
tained in a single vesicle scarcely exceeds a drop. | 

It has a yellow colour, has no taste; but when applied to 
the tongue occasions numbness. It has the appearance of 
oil before the microscope, but it unites readily with water. It 
produces no change on vegetable blues. 

When exposed to the open air, the watery part gradually 
evaporates, and a yellowish-brown substance ‘remains, which — 
has the appearance of gum arabic. In this state it feels viscid 
like gum between the teeth; it dissolves readily in water, but 
not in alcohol; and alcohol throws it down in a white powder 
from water. Neither acids nor alkalies have much effect upom 
it. It does not unite with volatile oils nor sulphuret of potash. 
When heated it does not melt, but swells, and does not in- 
flame till it has become black. These properties are similar 
to the properties of gum, and indicate the gummy nature of 
this poisonous substance. Fontana made a set of experiments 
on the dry poison of the viper, and a similar set on gum 
arabic, and obtained the same results. 

From the observations of Dr. Russel, there is reason to 
believe that the poisonous juices of the other serpents are simi- 
tar in their properties to those of the viper. 

‘This striking resemblance between gums and the poison of 
the viper, two substances of so opposite a nature in their effects 
upon the living body, is a humiliating proof of the small pro- 
eress we have made in the chemical knowledge of these intri- 
eate substances. The poison of the viper, and of serpents in 
eeneral, is most hurtful when mixed with the blood. ‘Taken 
into the stomach it kills if the quantity be considerable. Fon- 
tana has ascertained that its fatal effects are proportional to its 
quantity, compared with the quantity of the blood. Hence 
the danger diminishes as the size of the animal increases. 
Small birds and quadrupeds die immediately when they are 
bitten by a viper; but to a full-sized man the bite seldom 
proves fatal. 

Ammonia has been proposed as an antidote to the bite of 
the viper. It was introduced in consequence of the theory of 
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_ Dr. Mead, that the poison was of an acid nature. The nu- chap. 1. 
merous trials of that medicine by Fontana robbed it of all its ~~~ 
celebrity; but it has been lately revived and recommended by 

Dr. Ramsay as acertain cure for the bite of the rattle-snake.* 

2. The venom of the bee and the wasp is also a liquid con- Venom of 
tained in a small vesicle forced through the hollow tube of the a ah 
sting into the wound inflicted by that instrument.t From 
the experiments of Fontana we learn that it bears a striking 
resemblance to the poison of the viper. That of the bee is 
_ much longer in drying when exposed to the air than the venom 

of the wasp. 

_. 8. The poison of the scorpion resembles that of the viper ot the scor- 
also. But its taste is hot and acrid, which is the case also ™™ 
with the venom of the bee and the wasp. 
4, No experiments upon which we can rely have been made of spiders. 
upon the poison of the spider tribe. From the rapidity with 
which these animals destroy their prey, and even one another, 
we cannot doubt that their poison is sufficiently virulent. ¢ 


SECT. XXIV. 


OF THE AIR CONTAINED IN THE SWIMMING BLADDERS OF 
FISHES. 


Many fish are furnished with a bladder filled with air, by 
means of which they are supposed to rise or sink in the water. 
When they wish to rise they are supposed to dilate their air 
bladder; when they wish to sink they compress it. Whether 
this be the use of the air bladder of fishes is somewhat doubt- 
ful. Most fish have a peculiar depth at which they almost History. 
always remain. Thus the flat fish constantly affect the bottom 
of the sea, while there are others that as constantly affect the 
surface. From the late observations of Biot it appears, that 
when a fish is suddenly brought from a great depth towards the 
surface, the air bladder swells so much that the fish cannot 


* Phil. Mag. xvii. 125. The reader will find an interesting dissertation 
‘on the different remedies applied to the cure of the rattlesnake in the Amer. 
Trans. vol. iii. p. 100, by Dr. Smith Barton, The observations of Fontana 
in his treatise on poisons deserve particular attention. 

+ See a curious account or the structure of the sting by Dr. Hooke in his 
Micrographia. 

t Dr. Mead’s romantic account of the bite of the tarantula will entertain 
ithe reader. See Mead on Poisons, p. 57. 
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Book v. again sink; nay, it often bursts; and the air making its way 


Experi- 
ments of 
Biot. 


into the stomach, swells it up and forces it into the mouth or 
cesophagus. ‘The air with which these bladders is filled was 
first examined by Dr. Priestley in 1774. From his observa- 
tions it appears that it varies in its nature. The roach was 
the fish the air bladder of which he examined. At first he 
found it filled with azote, but afterwards he got a mixture of 
oxygen and azote.* 

Fourcroy long after examined the air in the air bladder of 
the carp, and found it almost pure azote; and ‘similar results 
were obtained by other chemists. But by far the most com- 
plete analysis of this kind of air has been made by Biot, while 
in Yviza and Formentera, two islands a little to the south of 
Majorca and Minarca. He was employed by the French 
government to prolong the meridian of France to the Balea- 
rean islands, and embraced the opportunity which presented 
itself to examine the air in the bladders of the different species 


of fish caught in the neighbourhood of these islands. Next 
season he returned to the same islands with Mr. Laroche, who 


repeated and confirmed his preceding experiments.+ 


Biot found the air in the air-bladders a mixture of azotic_ 


and oxygen gas in very variable proportions. No traces of 
hydrogen gas could be detected; nor was there any sensible 
quantity of carbonic acid. The proportion of oxygen gas was 
very various, being sometimes very minute, and sometimes con- 
stituting almost the whole of the gas. The air bladders of 
those fish which live near the surface contained least oxygen 


_ gas, and the bladders of those which were brought up from a 


great depth contained the most. The following table exhibits 


the proportion of oxygen in 100 parts of the air in the differ- | 


ent fish examined. 


Names of the Fish. | Proportion of Oxygen. 


Mugil cephalus (Linn.)......... Quantity insensible. 
DUO T stays eee eee ce Ditto. 


Mureenophis helena (Lacepede) .... Very little. 

Sparus annularis (Linn.) female ..... 0°09 
(Datta, males). Hae Uh oll its ».. 0°08 

Sparus sargus (Linn.) female ........ 0°09 
Ditto, male yee eee he. ert SHORN Raa 


* Priestley on Air, ii. 462. 
+ Biot’s Memoirs are printed in the Mem. D’Arcueil, i. 252, and ii. 8. 
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_. ¥HE SWIMMING BLADDERS OF FISHES. 

Names of the Fish. Proportion of Oxygen, 
Holocentrus marinus {Lacepede) ..... 0°12 
Labrus turdus(Lin,.).....ccecece0. O16 
Sparus melanurus (Lim) ......20. 0°20 
Labrus turdus (Var. Linn.) o....e000 0°24 
scieena nigra, females. si\insisne s 3h¥s) ORT 

Dittonvmales Garg wiciwigtiideeneheties 40°25 
Labrus turdus (Linn.) female........ O24 

Ditto, male...... gas eee idee aimee (OBS 
Sparus dentex (Linn.) female........ 0°40 
Sphyroena spet. (Lacepede).....+00+. O44 
Sparus erpenteus tis saik'y she ew son nels O50 
Sparus erythrinus ..............+++ Much. 
Holocentrus gigas .....sseeseeeees O'69 
Gadus merluccius (Linn.) ........5. O'79 
Trygla lyra (Linn.)...cccccessecees 0°87 


The depth at which the fish in the preceding table are caught 
increases gradually, as well as the proportion of oxygen, from 
the beginning to the end of the table. ‘The last-mentioned 
fish, the trygla lyra is always caught at a very great depth. 
The experiments of Laroche confirm the accuracy of this 
curious fact. 'The mean result, furnished by all the fishes 
taken at a depth greater than 150 feet, was 0°70 of oxygen; 
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while the mean result, furnished by the fish caught at less — 


depths, was 0°29. This superior purity is not owing to any 
superior purity in the air of the water of the sea at great 
depths. The air obtained from sea water, brought up from 
a great depth, yielded 0°265 of oxygen, while that from water 
taken at the surface was purer. 

It is very remarkable that the air in the bladder of fishes, 
taken near the surface, should be almost pure azote. But this 
holds also with respect to fresh water fish. Thus Biot found 
the air in the air bladder of a carp to contain 0°03 of oxygen, 
while that of a tench contained 0°16 ; and Geoffroy and Vau- 
quelin found the air in the air blades of pikes, roaches, and 
perches, to contain 0°05 of oxygen. Humboldt likewise 
found very little oxygen in the air iene of the gymnotus 
electricus. 
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SECT. XXV. 
OF SWEAT. : 


BokvV. A quannrry of matter is: constantly emitted from the skin; _ 
~~ this matter is ihvisible, and is distinguished by the name of — 
perspiration. ~ Several: experiments were made by Lavoisier — 
and Seguin to ascertain’ its amount. Mr. Cruickshanks* 
made numerous trials to determine its nature, and it has been 
subjected to a chemical examination by Thenard.¢ Berzelius 
also has made some experiments on it. | 
1. Wate, 1. Mr. Cruickshanks put his hand into a glass vessel, and 
luted its mouth at his wrist by means of a bladder. - ‘The in- 
terior surface of the vessel became gradually dim, and drops. 
of water trickled down. By keeping his hand in this manner 
for an hour, he collected 30 grains of a liquid, which possessed 
all the properties of pure water.t On repeating the same ex~ 
periment at nine in the evening (thermometer 62°), he col- 
lected only 12 grains. The mean of these is 21 grains. But 
as the hand is more exposed than the trunk of the body, it is 
reasonable to suppose that the perspiration from it is greater 
than that from the hand. Let us therefore take 30 grains per. 
- hour as the mean ; and let us suppose, with Mr. Cruvickshanks, 
that the hand is ;!,th of the surface of the body: The perspl- 
ration in an hour would amount to 1880 grains, and in 24. 
hours to 43,200 grains, or seven pounds six ounces troy. This | 
is almost double of the quantity ascertained by Lavoisier and 
Seguin. Hence we may conclude that more matter is per-— 
spired through the hand than the other parts of the body, 
provided Mr. Cruickshanks’s estimate of the ratio between 
the surface of the hand and body be not erroneous. ‘ie 
He repeated the experiment again after hard exercise, anid 
collected in an hour 48 grains of water.§ He found also, ei 
this aqueous vapour ervanen his stocking without:difficulty ; 
and that it made its way through a shamoy leather glove, anal 4 
even through a leather boot, though in a much smaller quan- i 
tity than sulten the leg wanted that: covering. || 
It is not difficult to see why the quantity of watery vapour 
diminishes with cold. When the surface of the body is ex-: 


a 


* Cruickshanks on Insensible Perspiration. 
+ Ann. de Chim. lix. 263. { On Insensible Perspiration, p. 68. 
§ On Insensible Perspiration, p. 70. v. sl) Ibid. p. 82. 
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posed to a cold temperature, the capacity of the cutaneous chap. 1. 


vessels diminishes, and consequently the quantity which flows 


_ through them must decrease. 


When the temperature, on the other hand, is much in- 


"creased, either by being exposed to a hot atmosphere, or by 


violent exercise, the perspired vapour not only increases in 


“quantity, but even appears in a liquid form. ‘This is known 
by the name of sweat. In what manner sweat is produced, Is sweat. 


J 


gis 


not at present known; but. we can see a very important ser- 


vice which it performs to the animal. No sooner is it thrown 


_ upon the surface of the skin than it begins to evaporate. But 


the change into vapour requires heat ; accordingly a quantity 


_ of heat is.absorbed, and the temperature of the animal is low- 


ered. This is the reason that animals can endure to remain 


_for some time -in a much higher temperature without injury 


than could have been supposed. 

The experiments of Tillet, and the still more decisive expe- 
riments of Fordyce and his associates, are well known. These 
gentlemen remained a considerable time in a temperature ex- 
ceeding the boiling point of water. 


2. Besides water, it cannot be doubted that cardon is also carbon. 
emitted from the skin; but in what state, the experiments 


hitherto made do not enable us to decide. Mr. Cruickshanks 


- found that the air of the glass vessel in which his hand and 


foot had been confined for an hour contained carbonic acid 
gas; for a candle burned dimly in it, and it rendered lime- 
water turbid.* And Mr. Jurine found that air which had re- 


’ mained for some time in contact with the skin consisted almost 


entirely of carbonic acid gas-+ The same conclusion may 
be drawn from ‘the experiments of Ingenhousz and Milly.* 


- Trousset has observed that air was separated copiously from a 


patient of his while bathing.§ : 

Now it-is evident that the carbonic acid gas which appeared 
during Mr. Cruickshanks’s experiment did not previously 
exist in the glass vessel ; consequently it must have either been 


transmitted ready formed through the skin, or formed during 


the experiment by the absorption of oxygen gas, and the con- 
sequent emission of carbonic acid gas. ‘The experiments of 
Mr. Jurine do not allow us to suppose the first of these to be 


* On Insensible Perspiration, p. 70 and 81. i ah 
+ Encyc. Meth. Med. 1. 515. t Ibid. p. 514... 
§ Ann. de Chim. xlv. 73. 
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Book v. true; for he found that the quantity of air allowed to remain 
in contact. with the skin did not increase. Consequently the 
appearance of the carbonic acid gas must be owing either to 
the emission of carbon, which forms carbonic acid gas by com- 
bining with the oxygen gas of the air, or to the absorption of © 
oxygen gas, and the subsequent emission of carbonic acid 
gas; precisely in the same manner, and for the same reason, — 
that these substances are emitted by the lungs. The last is 
the more probable opinion; but the experiments hitherto — 
made do not enable us to decide. 

8. Anoily 3. Besides water and carbon, or carbonic acid gas, the skin © 
me emits also a particular odorous substance. That every animal — 
has a peculiar smell, is well known: the dog can discover his — 
master, and even trace him to a distance, by the scent. A 
dog, chained some hours after his master had set out on a 
journey of some hundred miles, followed his footsteps by the 
smell, and found him on the third day in the midst of a crowd.* 
But it is needless to multiply instances of this fact; they are 
too well known to every one. Now this smell must be owing 
to some peculiar matter which is constantly emitted; and this 
matter must differ somewhat either in quantity or some other 
property, as we see that the dog easily distinguishes the indi- 
vidual by means of it. Mr. Cruickshanks has made it pro- 
bable that this matter is an oily substance; or at least that 
there is an oily substance emitted by the skin. He wore re- 
peatedly, night and day, for a month, the same vest of fleecy 
hosiery during the hottest part of the summer. At the end of 
this time he always found an oily substance accumulated in 
considerable masses on the nap of the inner surface of the 
vest, in the form of black tears. When rubbed on paper, it. 
makes it transparent, and hardens on it like grease. It burns 
with a white flame, and leaves behind it a charry residuum.+ | 
Mr ae aca, 4. Berthollet has observed the perspiration acid ;{ and he 
“pe has concluded that the acid which is present is the phosphoric: 
but that has not been proved. Thenard obtained acetic acid 
but Berzelius has rendered it probable that the true acid of 
sweat is the /actic, and that in Thenard’s experiments the 
acetic was formed at the expense of the lactic. He evaporated 
a few drops of sweat to dryness in a watch glass. The yellow= 


* Cruickshanks on Insensible Perspiration, p. 93. t Ibid. p. 92. 
+ He observed that a blue paper, applied to a part labouring under a 
gouty paroxysm, became always red. Jour, de Phys. xxviii, 275. 
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ish residue had all the appearance under the microscope of the’ chap. 11. 
usual mixture of the muriates of potash and soda, with lactic 

acid, lactate of soda and its accompanying animal matter. It 
reddened litmius and dissolved in alcohol.* 

5. The small quantity of animal matter which Thenard 5. anima 
found in the perspired matter possessed characters which in- ™**™ 
duced him to consider it as similar to gelatin in its nature. 

Fourcroy and Vauquelin have ascertained that the scurf 
which collects on the skins of horses consists chiefly of phos- 
phate of lime, and nephrin is even sometimes mixed with it. 

Such are the constituents of perspired matter. Though the 
sweat has not been directly analysed, there is every reason to 
believe that it is composed of similar constituents. 


x 


SECT. XXVI. 
OF URINE. 


No animal substance has attracted more attention than nisory. 
urine, both on account of its supposed connection with va- 
rious diseases, and on account of the very singular products 
which have been obtained from it. Mr. Boyle, and the other 
chemists who were his contemporaries, were induced to attend 
particularly to this liquid, by the discovery of a method of 
‘obtaining phosphorus from it. Boerhaave, Haller, Haupt, 
Mareraff, Pott, Rouelle, Proust, and Klaproth, successively 
improved the method of obtaining the phosphoric salts from 
urine, or added something to our knowledge of the component 
parts of these salts. Scheele added greatly to our knowledge 
of urine by detecting several new substances in it which had 
not been suspected. Cruickshanks has given us a very valuable 
paper on urine in the second edition of Rollo’s Diabetes. Four- 
croy and Vauquelin have published an elaborate analysis of 
it; and Mr. Proust has published another, no less ingenious, 
in which he points out the existence of several substances 
which had been overlooked by other chemical philosophers. 
But the most elaborate and exact analysis of urine has been 
made by Professor Berzelius.+ 
_ Fresh urine differs considerably in its appearance according Properties. 
to the state of the person and the time at which it is voided. 
In general, healthy urine is a transparent liquid of a light- 


* Annals cf Philosophy, ii. 415. + Djur kemien, ii. 278. 
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Book Ve amber colour, an aromatic odour resembling that of violets, 
and a disagreeable bitter taste. Its specific gravity varies, ac- 
cording to Mr. Cruickshanks, from 1:005 to 1:033.* When 
it cools, the aromatic smell leaves it, and is succeeded by ano- 
ther, well known by the name of uwrinous smell. This smell is 
succeeded in two or three days by another, which has a con- 
siderable resemblance to that of sour milk. This smell gra- 
dually disappears in in its turn, and is succeeded by a fetid alka- 
line odour. 

Containsan 1, Urine reddens paper stained with turnsole and with the 
nas juice of radishes, and therefore contains an acid. ‘This acid 
has been generally considered as the phosphoric; Thenard 
affirms that it is in reality the acetic.+ According to Ber- 
zelius it is the lactic. 
Phosphate 2. If a solution of ammonia be poured into fresh urine, a 
fim’, white powder precipitates, which has the properties of phos- 
phate of lime. The presence of this substance in urine was 
first discovered by Scheele.§ ‘The phosphate of lime is ob- 
viously kept in solution by the acetic acid. Scheele affirms 
that it is most abundant in the urine of the sick. Berthollet 
has observed, that the urine of gouty people is more acid than 
that of people in perfect health. The average quantity of 
phosphate of lime in healthy urine is, as Guiichshanica has as- 
certained, about 51., of the weight of the urine. | 
Phosphate . 3. If the phosphate of lime Bree preted from urine be exa- 
ofmagnesity ined, a little magnesia will be found mixed with it. Four- 
-croy and Vauquelin have ascertained that this is owing to a 
little phosphate of magnesia which urine contains, and. which 
is decomposed by the alkali or lime employed to precipitate 
the phosphate of lime.** 

4. Berzelius informs us that there is a little fluate of lime 
mixed with the phosphate of lime of urine. He mixed the 
phosphates of urine with their own weight of sulphuric acid, 
and exposed a piece of glass to the fumes prepared for etching. 
It was sensibly corroded, and thus showed the evolution of 
fluoric acid.++ 


* Dr. Henry informs us that he never found it higher than 1:020. Annals 
of Philosophy, i. 28. I have repeatedly found that of diabetic urine 1:048. 

+ Ann. de Chim. lix. 269. { Annals of Philosophy, ii. 418. 

§ Scheele, i. 208. || Phil. Mag. 11. 244. 

*# Ann. de Chim. xxxi. 66. The same discovery had been previously made 
by Dr. Wollaston. See his examination of calculi, Phil. Trans. 1797. 

tt Annals of Philosophy, 1. 416. 
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- 6. Urine contains likewise a notable proportion of sulphuric chap. 1. 
acid united both to potash and to soda. ‘This was ascertained Liens: moet 
by Berzelius. 1f urine be acidulated with nitric acid to pre- potash ana 


vent the precipitation of the phosphates, and then mixed rae Sone 


- muriate of barytes, a copious precipitate of sulphate of barytes 


‘falls. If the urine, after the removal of this precipitate, be su- 


persaturated with ammonia, the phosphates fall down, and 
along with them there is an additional quantity of sulphate of 
barytes.* 

6. Proust informs us that carbonic acid exists in urine, and Carbonic 
that its separation occasions the froth which appears during Arh 
the evaporation of urine.}| Fourcroy and Vauquelin, on the 
other hand, consider this acid as formed during the evapora- 
tion by the decomposition of the nephrin. The observations of 
Proust confirm those that had been made by Priestley and 
Perceval. Vogel has confirmed the assertion of Proust. He 


put a quantity of fresh urine under the exhausted receiver of 


an air pump. Many air bubbles were extricated. ‘This air 


‘was made to pass through lime water, which became milky 
‘and carbonate of lime was deposited. ‘Thus showing that the 
‘air evolved was carbonic acid gas. 


6. When fresh urine cools, it often lets fall a brick-coloured Uric acid, 


| precipitate, which Scheele first ascertained to be crystals of 


uric acid. All urine contaifs this acid, even when no sensible 
precipitate appears when it cools. For, if a sufficient quantity 


178 


of clear and fresh urine be evaporated to 51, of its weight, 


a subtle powder precipitates to the bottom, and attaches itself 


“in part very firmly to the vessel. This part may be dissolved 


in pure alkali, and precipitated again by acetic acid. It ex- 
hibits all the properties of uric acid.§ The fact is, that the 
precipitate which usually falls when urine cools consists chiefly 
of phosphate of lime and uric acid. It may be dissolved in 
diluted nitric acid. If the solution be heated and evaporated 
to dryness, it assumes a fine rose colour if uric acid be present. || 
The proportion of uric acid varies considerably in urine. It 
crystallizes in small red prisms, partly on the surface, if urine 
be mixed with some nitric acid, and left exposed to the air. 
Indeed, from the experiments of Dr. Egan, we learn that all 
acids when mixed with urine throw downuric acid in crystals.** 


* Berzelius, Annals of Philosophy, 1. 417. 

+ Ann. de Chim. xxxyi. 260. + Ibid. xcili. 71. 
§ Scheele, i. 207. || Cruickshanks. 
** Phil. Mag. xxii. 298. 
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Book v. 8, During mtermittent fevers, and especially during dis~ 
ey eases of the liver, a copious sediment of a brick-red colour is. 
acid, - deposited from urine. This sediment contains the rosacic acid 

of Proust. 

But Dr. Prout has ascertained, by very careful experi- 
ments, that the pink sediment consists sometimes of urate of 
ammonia, and sometimes of urate of soda mixed with phos-_ 

phate of lime.* 

Benzoic 9. If fresh urine be evaporated to the consistence of a syrup, 

“i, and muriatic acid be then poured into it, a precipitate appears 
which possesses the properties of benzoic acid. Scheele first 
discovered the presence of benzoic acid in urine. He evapo- 
rated it to dryness, separated the saline part, and applied heat 
to the residuum. ‘The benzoic acid was sublimed, and found 
crystallized in the receiver. The above method was first 
proposed by Fourcroy and Vauquelin.}+ By it very consider- 
able quantities of benzoic acid may be obtained from the 
urine of horses and cows, where it is much more abundant 
than in human urine. In human urine it varies from +> 
to — <> of the whole.{ Proust affirms that the acid obtained 
by Scheele’s process is not the benzoic, but another possessed 
of similar properties; but differing in this circumstance, that 
nitric acid decomposes it, whereas it only whitens benzoic 
acid.§ 

10. When an infusion of tannin is dropped into urine, a 
white precipitate appears, having the properties of the combi- 
nation of tannin and albumen. Urine, therefore, contains 

Albumen albumen or gelatin. ‘These substances had been suspected to 

and gelatin, ye jn urine, but their presence was first demonstrated by 
Seguin, who discovered the above method of detecting them, 
Their quantity in healthy urine is very small, often indeed not . 
sensible. Cruickshanks found that the precipitate afforded by 
tannin in healthy urine amounted to ,1,th part of the weight — 
of urine.|| In many diseases the quantity of these matters is | 
very much increased. ‘The urine of dropsical people often 
contains so much albumen, that it coagulates not only on the | 
addition of acids, but even on the application of heat.** In | 
all cases of impaired digestion, the albuminous part of urine — 


* Aunals of Philosophy, xv. 155. 

+ Ann. de Chim. xxxi. 62, { Ibid. p. 63. 

& Ibid. xxxvi. 278. || Phil. Mag. ii. 243. 
** Cruickshanks, Phil. Mag. u. 248. 
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is much increased. ‘This forms one of the most conspicuous 


and important distinctions between the urine of those who 


enjoy good and bad health.* 


11. If urine be evaporated by a slow fire to the consistence 


_ of a thick syrup, it assumes a deep brown colour, and exhales 


a fetid ammoniacal odour. When allowed to cool, it concretes 


into a mass of crystals, composed of all the component parts 


of urine. If four times its weight of alcohol be poured upon 


this mass, at intervals, and a slight heat be applied, the great-" 
est part of it is dissolved. ‘The alcohol, which has acquired a 
brown colour, is to be decanted off, and distilled in a retort 
in a sand heat, till the mixture has boiled for some time, and 


acquired the consistence of a syrup. By this time the whole 
of the alcohol has passed off, and the matter, on cooling, 


_ crystallizes in quadrangular plates which intersect each other. 


This substance is xephrin, which composes +3, of the urine, 


_ provided the watery part be excluded. ‘To this substance the 


taste of urine is owing. It is a substance which characterizes 


urine, and constitutes it what it is,’ and to which the greater 
" part of the very singular phenomena of urine are to be as- 


evibed. 
It may be detected by evaporating urine to the consistence 


of a syrup, and pouring into it concentrated nitric acid. Im- 


mediately a great number of white shining crystals appear in 


the form of plates, very much resembling crystallized boracic 


acid. These crystals are nephrin combined with nitric acid. 
The quantity of nephrin varies exceedingly in different 
urines. In the urine voided soon after a meal, very little of it 


is to be found, and scarcely any at all in that which hysterical 


patients void during a paroxysm. 
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Nephrin. 


1z. If urine be slowly evaporated to the consistence of a muriate of 


syrup, a number of crystals make their appearance on its sur- 
face: these possess the properties of muriate of soda. Urine 
therefore contaifs muriate of soda. It is well known that 
muriate of soda crystallizes in cubes; but when obtained from 
urine it has the form of octahedrons. This singular modifica- 
tion of its form is owing to the action of nephrin.} It has 
been long known that urine saturated with muriate of soda 
deposits that salt in regular octahedrons. 


soda, 


13. The saline residuum which remains after the separation Phosphates 


* Foureroy and Vauquelin, Ann, de Chim. xxxi. 61. 
¢ Fourcroy and Vauquelin. 


of ammonia 
and of soda, 
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of nephrin from crystallized urine by means of alcohol has beem 
long known by the names of fusible salt of urine and microcos- 
mic salt. Various methods of obtaining it have been given 
by chemists, from Boerhaave, who first published a process, 
to Rouelle and Chaulnes, who gave the method just men- 
tioned. If this saline mass be dissolved in a sufficient quan- 
tity of hot water, and allowed to crystallize spontaneously in 
a close vessel, two sets of crystals are gradually deposited. 
The lowermost set has the figure of flat rhomboidal prisms; 
the uppermost, on the contrary, has the form of rectangular 
tables. ‘These two may be easily separated by exposing them 
for some time to a dry atmosphere. ‘The rectangular tables 
effloresce and fall to powder, but the rhomboidal prisms re- 
main unaltered. 

When these salts are examined, they are found to have the 
properties of phosphates. ‘The rhomboidal prisms consist of | 
phosphate of ammonia united to a little phosphate of soda; _ 
the rectangular tables, on the contrary, are phosphate of soda_ 
united to a small quantity of phosphate of ammonia. Urine, 
then, contains phosphate of soda and phosphate of ammonia. 

14. When urine Is cautiously evaporated, a few cubic crys- 
tals are often deposited among the other salts; these crystals 
have the properties of muriate of ammonia. Now the usual 
form of the crystals of muriate of ammonia is the octahedron, 
The change of its form in urine is produced also by nephrin. 
This salt is obtained in greater abundance when the crystals 
of nephrin obtained from the alcohol solution are distilled.* 

15. When urine is boiled in a silver basin, it blackens the 
basin; and if the quantity of urine be large, small crusts of 
sulphuret of silver may be. detached.. Hence we see that 
urine contains sulphur. This sulphur exhales along with the 
carbonic acid when the urine putrefies; for the fumes which 
separate from urine in that state blacken paper stained with 
acetate of lead.+ 

16. ‘The cloud which appears when urine cools, and which 
may always be detected in greater or smaller quantity in urine, 
is the mucus of the bladder. It may be separated by the filter. 
This mucus facilitates the deposition of crystals of uric acid. 
Hence when it happens to be detained in the bladder it may 
serve as a nucleus for the formation of calculus. 


* Fourcroy and Vauquelin. 
+ Proust, Ann, de Chim. xxxvi. 258. 
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- 17. Dr. Prout has several times detected nitric acid in the 


pink sediments of urine. His method was to combine the acid 


with potash and convert it into saltpetre. He is of opinion 
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that the red colour of this sediment is owing to the action of | 


the nitric acid on the uric acid, and its consequent conversion 
into purpuric acid.* 

18. We are at present ignorant of the nature and proper- 
ties of the substance which gives urine its yellow colour; and 
likewise of the substance to which it owes its odour. 

The constituents of healthy urine according to the analysis 
of Berzelius are as follows: 


AVY ALCL alta ¢ bahke ee aret aes Gale Uae ene e088 OO 
ENEPDTIN. Vipea ts Oe aiehhs vase Bele os tae AME OOO 
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Lactate of ammonia......... EN Meee aie 17°14 
Animal matter soluble in alcohol .......... 

Nephrin not separable from the preceding... ._] 

Earthy phosphates with a trace of fluate of lime. 1:00 
STC Te ae Bi sna Rial ia Mla nh a OE 8 1:00 
Bviucis of the bladder |. is\scetenscs soe house loniedone pate» O32 
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Constitus 
ents. 


No substance putrefies sooner, or exhales a more detestable Putretaction 
odour, during its spontaneous decomposition, than urine; but % ""™ 


there is a very great difference in this respect in different 
urines. In some, putrefaction takes place almost instantane- 
ously as soon as it is voided; in others, scarcely any change 
appears for a number of days. Fourcroy and Vauquelin have 
ascertained that this difference depends on the quantity of 
gelatin and albumen which urine contains. When there is 
very little of these substances present, urine remains long un- 
changed; on the contrary, the greater the quantity of gelatin 
or albumen, the sooner does putrefaction commence. The 
putrefaction of urine, therefore, is in some degree the test of 


* Annals of Philosophy, xv. 155. t Ibid. ii. 423. 
VOL. IV. ~ ZN 
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the health of the person who has voided it: for a superabund- 
ance of albumen in urine always indicates some defect in the 
power of digestion.* 

The rapid putrefaction of urine, then, is owing to the action 
of albumen on nephrin. We have seen already the facility with 
which that singular substance is decomposed, and that the new 
products into which it is changed, are ammonia, carbonic. acid, 
and acetic acid. Accordingly, the putrefaction of urine is 
announced by an ammoniacal smell. Mucilaginous flakes are 
deposited, consisting of part of the gelatinous matter. The 
lactic acid is saturated with ammonia, and the phosphate of 
lime, in consequence, is precipitated. Ammonia combines 
with the phosphate of magnesia, forms with it a triple salt, 
which crystallizes upon the sides of the vessel in the form of 
white crystals, composed of six-sided prisms, terminated by 
six-sided pyramids. The uric and benzoic acids are saturated 
with ammonia; the acetic acid, and the carbonic acid, which 
are the products of the decomposition of the nephrin, are also 
saturated with ammonia; and notwithstanding the quantity 
which exhales, the production of this substance is so abundant, 
that there is a quantity of unsaturated alkali in_ the liquid. 
Putrefied urine, therefore, contains chiefly the following sub- 
stances, most of which are the products of putrefaction : 


Ammonia. 

Carbonate of ammonia. 

Phosphate of ammonia. 

Phosphate of magnesia and ammonia. 

Urate of ammonia. 

Acetate of ammonia. 

Benzoate of ammonia. 

Muriate of soda. 
Muriate of ammonia. 


Besides the precipitated albumen and phosphate of lime. 

The distillation of urine produces almost the same changes; 
for the heat of boiling water is sufficient to decompose nephrin, | 
and to convert it into ammonia, carbonic and acetic acids. 
Accordingly, when urine is distilled, there come over water, 
containing ammonia dissolved in it, and carbonate of ammo- 
nia in crystals; the acids contained in urine are saturated with | 
ammonia, and the gelatin and phosphate of lime precipitate.{ 


* Fourcroy, Ann. de Chim. xxxi. 61. 
+ Ann. de Chim. xxxi. 70. t Ibid. xxxi. 55. 
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Such are the properties of human urine ina state of health : Chap. 1. 
but this excretion is singularly modified by disease; and the o=y77 
changes to which it is liable have attracted the attention of sis 
physicians in all ages, because they serve in some measure to 


indicate the state of the patient, and the progress of the dis- 


ease under which he labours. The following are the most 


remarkable of these changes that have been observed.* 
1. In inflammatory diseases the urine is of a red colour, and tonamma- 


_ peculiarly acrid ; it deposits no sediment on standing, but with “°" 


corrosive sublimate it yields a copious precipitate. 

2. During jaundice the urine has an orange-yellow colour, seundice. 
and communicates the same tint to linen. Muriatic acid 
renders this urine green, and thus detects the presence of a 
little bile. 

From the experiments of Fourcroy and Vauquelin, we Jearn 
that urine sometimes in these cases contains a substance ana- 
logous to the yellow matter which they formed by the action 
of nitric acid on muscular fibres.+ 

3. About the end of inflammatory diseases the urine be- rnd of ine 
comes abundant, and deposits a copious pink-coloured sedi- #™™*t™ 
ment, composed of rosacic acid, a little phosphate of lime, 
and uric acid. 

4. During hysterical paroxisms the urine usually flows tysteria 


abundantly. It is limpid and colourless, containing much 


salt, but scarcely any nephrin or gelatin. | 

5. Mr. Berthollet observed, that the urine of gouty persons Gout 
contains usually much less phosphoric acid than healthy urine. 
But during a gouty paroxism it contains much more phos- 
phoric acid than usual; though not more than constantly 
exists in healthy urine.t 

6. In general dropsy, the urine is loaded with albumen, and Dropsy 
becomes milky, or even coagulates when heated, or at least 


_ when acids are mixed with it. In dropsy from diseased liver, 


no albumen is present; the urine is scanty, high coloured, 


and deposits the pink-coloured sediment. 


In certain cases, females have been observed to pass urine 
which had the appearance of milk, and which upon examina- 
tion, proved to differ from common urine in containing a 
notable proportion of the curdy part of milk.§ 


* See Cruickshanks, Phil. Mag. ii. 240; and Fourcroy, x. 166. 
+ Phil. Mag. xxiii. 331. t Jour. de Phys. xxviii. 275. 
§ See the analysis of a specimen of this. urine by Caballe, Ann. de Chim. 
lv. 64. ) 
2N2Z 
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4, In dyspepsia the urine always yields a copious precipitate 
with tan, and putrefies rapidly. : 

3. The urine of rickety patients is said to be loaded with 
phosphate of lime, or, according to others, with oxalate of 
lime. 

9. Mr. Rose has ascertained that in chronic hepatitis the 
urine is destitute of nephrin.* This curious fact has been 
confirmed by the experiments of Dr. Henry.t 

10. In diabetes the urine is sweet-tasted, and often loaded 
with saccharine matter. In one case, the urine emitted daily 
by a diabetic patient, according to the experiments of Cruick- 
shanks, contained 29 ounces of sugar. T 

The urine of other animals differs considerably from that 
of man. For the analysis of the urine of quadrupeds hi- 
therto made we are chiefly indebted to Rouelle junior. The 
following facts have been ascertained by that chemist, and 
by the experiments of Fourcroy, Vauquelin, Brande, and . 
Chevreul. | 

I. The urine of the horse has a peculiar odour: after exer- 
cise it is emitted thick and milky; at other times it is trans- 
parent, but becomes muddy soon after its emission. When 
exposed to the air, its surface becomes covered with a crust of 
carbonate of lime. It gives a green colour to syrup of violets, 
and has the consistence of mucilage. The following are its 
constituents, as estimated by Fourcroy and Vauquelin from 
their experiments : 


Carbonate of lime ...... O°O11 
Carbonate of soda....... 0°009 
Benzoate of soda ....... O°'024 
Muriate of potash....... 0°009 
Nephrin........-- nets SO OOF 
Water and mucilage .... 0°940 


1000 § 
‘The urine of the horse has been analyzed by Mr. Brande. 


_ The salts which it contains are, according to him, the fol- 


lowing : 


# Annals of Philosophy, v. 42. + Ibid. vi. 392. 

+ The reader may consult a set of comparative experiments on healthy 
and diabetic urine by Nicolas, Ann. de Chim. xliv. 32; the analysis of 
diabetic urine by Sorg (Gehlen’s Jour. vi, 9), and by Dupuytren and 
Thenard (Ann. de Chim. lix. 41.) 

§ Mem. de l’Instit, 0. 431. 
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‘Carbonate of lime. Muriate of soda. 
‘Carbonate of soda. Benzoate of soda. 
Sulphate of soda. _ Phosphate of lime. 


‘These saline substances amount to about one-eighth of the 
wrine.* The urine of the horse has been recently subjected 
to a new examination by Chevreul expressly to ascertain 
whether it contained phosphate of lime announced in it by 
Brande. His experiments confirmed those of Fourcroy and 
Vauquelin. The urine yielded no traces of phosphate of lime ; 
but it contained magnesia and sulphate of potash, neither of 
which substances had been observed by Mr. Brande.t 

From the late experiments of Mr. Giese, we learn that the 
quantity of benzoate of soda varies considerably in the urine 
of horses. In some specimens he found it in abundance, and 
easily precipitated by muriatic acid. In others there was lit- 
tle or none. He could detect no benzoic acid in the food of 
horses. Hence he considers it as formed within the animal, 
and he thinks that it appears only in cases of disease. { 

Dr. Prout has lately shown that the urine of the horse 

contains a much greater proportion of nephrin than had been 
detected in it by Fourcroy. When fresh urine of the horse 
is mixed with nitric acid, crystals of nitrate of nephrin are 
deposited without any previous concentration. § 
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II. The urine of the ass was likewise examined by Mr. the ass. 


Brande. It is transparent, but mucilaginous. It gives a 
green colour to syrup of violets, but no carbonate of lime is 
deposited from it on standing. It contains, according to 
Brande, nephrin more phosphate of lime than the urine of the 
horse, carbonate of soda, sulphate of soda, muriate of soda, 
and probably muriate of potash. It contains no ammonia. || 


III. The urine of the cow has a strong resemblance to The cow. 


that of the horse; it has nearly the same odour and the 
same mucilaginous consistence. It tinges syrup of violets 
green, and deposits a gelatinous matter. On standing, small 
crystals are formed on aes surface. It contains, accor ae to 


Rouelle, 


1. Carbonate of potash. 4. Benzoic acid, 
2. Sulphate of potash. 5. Nephrin. 
3. Muriate of potash. 
* Ann, de Chim. Ixvil. 276. . ft Ibid. 308. 
} Phil. Mag. xvii. 151. _ § Annals of Philosophy, xvi. 150. 
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Book v. The urime of the cow has been more recently examined by 
“~~ Mr. Brande. He found’ it composed of the following con- 


stituents: 


Water uh a aan OB 
Phosphatesol, HME isis yinatercieie-as 3 
Muriate of potash 15 
Muriate of ammonia f **"****** 

Sulphate of potash ............ 6 
Carbonate of potash A 
Carb. of ammonia Po FAA 
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100 


He obtained from it likewise a quantity of benzoic acid, but 
conceives that this acid was formed during the process.* 

The camel. LV. The urine of the camel was also examined by Rouelle. 
Its odour resembles that of the urine of the cow; its colour 
is that of beer; it is not mucilaginous, and does not deposit 
carbonate of lime. It gives a green colour to syrup of violets, 
and effervesces with acids like the urine of the horse and cow. 
Rouelle obtained from it, 


1. Carbonate of potash. 3. Muriate of potash. 
2. Sulphate of potash. 4. Nephrin. 


This urine has been more recently examined by Mr. Brande.} 
He obtained from it the following substances : 


Water..... se dleietelviele 6 oie. ECTS 
Phosphate of lime 
Muriate of ammonia 
Sulphate of potash 
Urate of potash 
Carbonate of potash 
Muriate of potash......,.. 8 
Nephiin |) . 4A Venue ie epg 
Tas). 30 
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100 
Chevreul subjected the urine of the camel to a rigid exami- 
nation, on purpose to ascertain whether it really contained 
the phosphate of lime announced as a constituent of it by 
Mr. Brande. He could detect none of it whatever, but sepa- 
rated from the urine of the camel the following substances : 


* Ann. de Chim. Ixvii. 268. , + Ibid. 266. 
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_ Albumen. A little sulphate of soda. Chap. IL. 
_ . Carbonate of lime. Much sulphate of potash. aot 
Carbonate of magnesia. A little carbonate of potash. 
Silica. Benzoic acid. 
An atom of sulphate of lime. Nephrin. 
A trace of iron. A red oil, to which the urine 
Carbonate of ammonia. owes its smell and colour. 


A little muriate of potash. 

The last substance, the oil, seems to have been taken by 
Brande for uric acid.* 

V. The urine of the rabbit has been analyzed by Vauquelin, The rabbit. 
When exposed to the air, it becomes milky, and deposits 
carbonate of lime. It gives a green colour to syrup of violets, 
and effervesces with acids. That chemist detected in it the 
following substances : 


1. Carbonate of lime. 6. Muriate of potash. 
2. Carbonate of magnesia. 7. Nephrin. 
3. Carbonate of potash. 8. Gelatin. 
4, Sulphate of potash. 9. Sulphur. 


5. Sulphate of lime. 

VI. Vauquelin has also made some experiments on the The guinea 
urine of the guinea pig; from which it appears that it resem- ** 
bles the urine of the other quadrupeds. It deposits carbonate 
of lime, gives a green colour to syrup of violets, and con- 
tains carbonate and muriate of potash, but no phosphate nor 
uric acid.f 

VII. The urine of the sow has been examined by M. me sow. 
Lassaigne. It is transparent, slightly yellow, without smell, 
and having a disagreeable, but not a saline taste. It contained 

Nephrin. | 
Muriate of ammonia. 

Muriate of potash. 

Muriate of soda. 

Sulphate of potash. 

A little sulphate of soda. 

A trace of sulphate and carbonate of lime. ve 


VIII. The urine of the lion and tiger is alkaline at the he tion 
moment of its emission. It contains a quantity of ammonia. 24 tise 
It is destitute of uric acid and of phosphate of lime. Its con- 
stituents, as determined by Vauquelin, are the following: § 


* Ann. de Chim. Ixvii. 294. + Fourcroy, x. 181. 
{ Annals of Philosophy, xiv. 146. § Ann, de Chim. Ixxxil, 198. 
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1. Nephrin. | 5. Muriate of ammonia. 
2. Animal mucus. 6. Trace of phosphate of lime. 
3. Phosphate of soda. 7. Much sulphate of potash. 


4. Phosphate of ammonia. 8. A trace of muriate of soda. 


- TX. The urine of the castor has a striking resemblance to 
that of herbivorous animals in general. Vauquelin obtained 
from it the following substances : * ; 


1. Nephrin. 5. Acetate of magnesia ? 

2. Animal mucus. 6. Sulphate of potash. 

3. Benzoate of potash. 7. Muriates of potash and soda. 

4. Carbonates of lime and 8. Vegetable colouring matter. 
magnesia. 9. ‘Trace of iron. 


X. From the experiments of Fourcroy and Vauqucelin, we 
learn that.the urine of domestic fowls contains uric acid.t 
The existence of that acid in the urine of fowls was called 
in question by Gehlen; but it has been fully confirmed by 
the experiments of Chevreul. t 
- XI. The urine of several amphibious animals has been 
examined by Dr. Prout and Dr. John Davy. Dr. Prout 


found the urine of the boa constrictor composed almost en- 


Urinary ex- 
¢retions of 
insects, 


tirely of uric acid. Dr. John Davy observed that the urine 
of different species of serpents when voided, was of a butyra- 
cious consistence, but became quite hard on exposure to the 
air. It was always uric acid, nearly pure. The urine of liz- 
zards consists likewise of nearly pure uric acid. That of the 
alligator, besides uric acid, contains a large portion of car- 
bonate and phosphate ,of lime. The urine of turtles is a 


liquid containing flakes of uric acid, and holding in solution . 


a little mucus and common salt; but no sensible portion of 
nephrin. § | 

XII. Some experiments on the urinary excretions of certain 
insects have been made by M. Scholz. He obtained from 
them the following constituents: 


Pirie acidic oh oon. Bui 94°00 
PINION 9 Ugo ha tie ya kell aun BeOO 


Phosphate of lime ...... 3°33 


Aaa 


99°33 || 
* Ann. de Chim. Ixxxii. 201. t Jour. de Phys. lix. 66. 
¢ Ann. de Chim. Ixvii. 305. § Annals of Philosophy, xiii, 209. 
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_ ‘Tur excrementitious matter of animals, evacuated per Chap. 1 


anum, consists of all that part of the food which cannot be 
employed for the purposes of nutrition, considerably altered, 
at least in part, and mixed or united with various bodies em- 
ployed during digestion to separate the useless parts of the 
food from the nutritious. An accurate examination of these 
matters has long been wished for by physiologists, as likely 
to throw much new light on the process of digestion. For if 
we knew accurately the substances which were taken into the 
body as food, and all the new substances which were formed 
by digestion ; that is to say, the component parts of chyle and 
of excrement, and the variation which different kinds of food 


‘produce in the excrement, it would be a very considerable _ 


step towards ascertaining precisely the changes produced on 
food by digestion. 

Some of the older chemists had turned their attention to 
the excrements of animals;* but no discovery of importance 
rewarded them for their disagreeable labour. Vauquelin has 
ascertained some curious facts respecting the excrementitious 
matter of fowls. In the summer of 1806, a laborious set of 
experiments on human feces was published by Berzelius, un- 
dertaken, as he informs us, chiefly with a view to elucidate 
the function of digestion.t About two years before, ‘Thaer 
and Einhof had published a similar set of experiments on the 
excrement’ of cattle; made chiefly to discover, if possible, 
how they act so powerfully as manure.{ I shall in this 
Section give a view of the results obtained by these different 
chemists. 

I. The appearance of human feces requires no particular 
detail. Their colour is supposed to depend upon the bile 
' mixed with the food in the alimentary canal. When too 
light, it is supposed to denote a deficiency of bile; when too 
dark, there is supposed to be a redundancy of that secretion, 
The smell is fetid and peculiar, which after some time gra- 
dually changes into a sourish odour. The taste is sweetish 
bitter. The colour of vegetable blue infusions is not altered 


Human 


feces. 


# Van Helmont’s Custos Errans. Sect. vi. Opera Helmont, p, 147. 


Neumann’s Works, p. 585. arian 
+ Gehlen’s Jour. vi, 509. { Ibid. ii. 276. 
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Constitu- 
ents. 


acid or alkali.* 

1. The consistency of human feces varies considerably in 
different circumstances; but at a medium, they may be stated - 
to lose three-fourths of their weight when dried upon a water 
bath.+ | 

2. They do not mix readily with water; but by sufficient 
agitation and maceration, they may be diffused through it. 
The liquid, in this state, being strained through a linen cloth, 
leaves a matter of a greyish-brown colour, retaining a peculiar 
odour, which adheres long and obstinately to all those sub- 
stances that come in contact with this residue. When dried, 
this substance exhibits the remains of vegetable matters used 
in food, and perhaps also of some animal matters. Its quan- 
tity amounts to about seven per cent. of the feces. { 

3. The strained liquid deposited, on standing, a yellowish- 
green slimy matter, which was separated by the filter. It 
amounted, when dry, to 14 per cent. of the feces employed. 
From the numerous experiments of Berzelius upon this mat- 
ter, it appears to be composed chiefly of three substances : 
1. A fatty matter, separated by means of alcohol, which pos- 
sesses many properties in common with picromel, and which 
Berzelius considers as that substance a little altered. 2. A 
peculiar yellow-coloured substance, dissolved by water after 
the fatty matter is removed. ‘This substance Berzelius com- 
pares to gelatin; but it appears to be rather more closely 
allied to mucus, or, at least, to contain mucus as a consti-~ 
tuent. It dissolves in water, but not in alcohol; tannin makes its 
solution muddy, but occasions no precipitate; acetate of lead 
occasions a copious white precipitate, but does not deprive 
the solution of its yellow colour. It soon runs to putrefac- 
tion, exhaling the odour of. putrid urine. 3. A greenish-grey 
residue, insoluble both in water and alcohol, and leaving, 7 
when incinerated, some silica and phosphate of potash.§ 

4, The liquid which passed. through the filter was at first 
light-yellow ; but by exposure to the air it became brown, 
which gradually deepened in colour, till the solution grew at 
last muddy. When concentrated by evaporation, small trans- 
parent crystals made their appearance: which proved, on 
examination, to be crystals of ammonio-phosphate of mag- 
nesia. ‘The solution, on examination, was found to contain 


# 'Gehlen’s Jour. vi. $12. f Ibid: 535. 
t Ibid, 513. § Ibid. 526—534. 
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the following substances: 1. Albumen, which was obtained chap. 1. 


by mixing the concentrated solution with alcohol. The pre- 
cipitate consisted of a mixture of albumen and phosphoric 
salts. The albumen obtained from 100 parts of feces amounted 
only to 0°9 parts. 2. Bile. By this Berzelius understood a 
mixture of picromel and soda. The presence of this sub- 
stance was inferred from the nature of the precipitate obtain- 
ed by acids, and the salt of soda obtained by evaporating the 
residue. The quantity contained in 100 parts of feces was 0°9. 
3. A peculiar substance, of a reddish-brown colour, soluble 
both in water and alcohol. Acids give it an intense brown 
colour. A small quantity of tannin throws it down of a red 
colour and in a pulverulent form; a large quantity throws it 
down in greyish-brown flakes. It is precipitated by muriate 
of tin, nitrate of silver, and acetate of lead. When heated. 
it melts and emits the smell of ammonia. It leaves behind it 
when burnt, traces of soda and of phosphoric salts. Berzelius 
supposes that this substance is formed from the picromel, 
by some change which it undergoes after the feces are ex- 
posed to the air. ‘The quantity of it obtained from 100 parts 
of feces was 2°7 parts. 4. Various salts: these in all, from 
100 parts of feces (including the ammonio-phosphate of mag- 
-nesia), amounted to 1°2 parts. Their relative proportions 
_ were as follows: 
Carbonate of soda ...-seeseee0+ 35 
Muriate of soda......seeeeeeee & 
Sulphate of soda .....+-+seeeee 
Amm.-phosphate of magnesia.... 2 
Phosphate of lime ......-.+-+.- A 


Such are the constituents of human feces, according to the 
experiments of Berzelius. ‘The following table exhibits the 
result of his analysis.* 


AALOT ys cals Pi TSC UNE a a ote 4 a ate Maton 
Vegetable and animal remains.,..++...+. 70 
PES PO aie os e's e Se elh wae es alee rerun 
Avpamen's Goovi fs Steines BOGE ee FOO 
Peculiar and extractive matter ......++0+ 2°7 
Bralés . inaies Seis oitng JA) co ‘ict cuats DAG SMR Si 1:2 


Slimy matter; consisting of picromel, pe- 
culiar animal matter, and insoluble re- > 14°0 
sidue ope eereco sere e eas ecnssbeens 

100°0 
* Gehlen’s Jour. vi. 536. 
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II. The excrementitious matter examined by Thaer and 
Einhof was that of cattle fed at the stall, chiefly on turnips. 
It had a yellowish-green colour, a smell somewhat similar to 
that of musk, and but little taste. Its specific gravity was 
1:045. It did not alter vegetable blues, and of course con-_ 
tained no uncombined acid or alkali. 


~. 1. Sulphuric acid, when mixed with this matter, developes 


the odour of acetic acid; but Thaer and Einhof have shown 
that this acid does not exist in the feces, but is formed by the 
action of the sulphuric acid. The pure alkalies, nitric and 
muriatic acids, produce little change on the feces of cattle, at 
least when not assisted by heat. 

2. When 100 parts are dried on a steam bath, they leave. 
281 of solid matter. 

3. When eight ounces, or 3840 grains, were diffused 
through water, they let fall a quantity of sand, weighing 45 
erains. 

4. ‘The watery solution, being strained through a linen 
cloth, left 600 grains of a yellowish fibrous matter, which pos- 
sessed the properties of the fibrous matter of plants.* 

5. The liquid, on standing, deposited a slimy substance, 
which was separated by filtration. It weighed when dry 480 
grains. To this matter the feces owe their peculiar colour 
and smell. It was insoluble in water and alcohol. When 
heated it smelled like ox bile. It burnt like vegetable matter. 
Alkalies scarcely affected it. Sulphuric acid developed the 
odour of acetic acid. Chlorine rendered it yellow. Thaer 
and Einhof considered this substance as the remains of the 
vegetable matter employed as food by the cattle; but it is ex- 
tremely probable that it might contain also a portion of picro- 
mel, as Berzelius detected that substance in similar matter from 
the human feces. 

G6. The filtered solution passed through colourless, but on 
exposure to the air became in a few minutes wine-yellow and 
then brown. When evaporated to dryness, it left a brownish 
matter, of a bitterish taste, and weighing 90 grains. It was — 
soluble in water, insoluble in alcohol, and precipitated from 
water by that liquid. It was not precipitated by infusion of 
galls. The solution was found to contain some phosphoric 
salts. The 90 grains of residue, when heated, burnt like ani- 


* Gchlen, iii. 286. 
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mal matter. ‘They soon ran into putrefaction, exhaling am- cbap. u. 
monia.* ; 

7. When evaporated to dryness and burnt, this excremen- 
titious matter left behind it an ash, which was found (not 
_ reckoning the sand) to consist of the following salts and earths 
in the proportion stated: 


PUNE Lo do ole Cana late vein ye dae 
Phosphate of lime.....- Sap yeteaies . 12°5 
Magnesia ......- Use is Dee ae cee 
LV OWU pairs otal ride Sa Aide Ta Uh Nl sla dikes 
Alumina with some manganese ..... 14 
Giltca sect wheats Sebel ares Pee toe 


Muriate and sulphate of potash .... 1°2 


s. Thaer and Einhof made numerous experiments on the 
putrefaction of cow dung, both in close vessels and in the 
open air, from which it would appear that the process re- 
sembles closely the putrefaction of vegetable matter; the 
oxygen of the air being abundantly changed into carbonic 
-acid.t . 

III. To Vauquelin we are indebted for an analysis of the pxcrements 
fixed parts of the excrements of fowls, and a comparison of **"* 
them with the fixed parts of the food; from which some very 
curious consequences may be deduced. 

He found that a hen devoured in ten days 11111°843 grains 
troy of oats. These contained 


_ Phosphate of lime ......+++++- 126°509 grains 
Silica eo echoes esooreesvesrese® 219°548 


356°057 


During these ten days she laid four eggs; the shells of 

which contained 98°779 grains phosphate of lime, and 4.53°417 
grains carbonate of lime. ‘The excrements emitted during 
these ten days contained 175'529 grains phosphate of lime, 
58494 grains of carbonate of lime, and 185°266 grains of 
silica. Consequently the fixed parts thrown out of the system 


during these ten days amounted to 


* Gehlen, ill, 287. + Ibid. 323. 
+ Ibid, 295, 313. 
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Book V. Phosphate of lime ........0.66 2743085 grains. 
Carbonate of limes v6 Soe. es 511°911 
Sid PPA A PRY Oy eM 185°266 


Given out...... 971°482 
Taken in ...... 356°057 


Surplus........ 615°425 


Consequently the quantity of fixed matter given out of the 
system in ten days exceeded the quantity taken in by 615-425 
erains. 

The silica taken in amounted to ..... 219°548 grains. 
That given out was only ........... 185'266 


Remain 34°282 


Fowlsseem 1 Consequently there disappeared 34°282 grains of silica. 
to form 


ime and The phosphate of lime taken in was .... 136°509 grains. 
Sikapuiye panes SVEN QUE WASIn\s 4S ioinieysirheer madad en 2 BOS 


137°796 


Consequently there must have been formed, by digestion in 
this fowl, no less than 137-796 grains of phosphate of lime, 
besides 511°911 grains of carbonate. Consequently lime (and 
perhaps also phosphorus) is not a simple substance, but a com- 
pound, and formed of ingredients which exist in oat-seed, 
water, or air, the only substances to which the fowl had access. 
Silica may enter into its composition, as part of the silica had 
disappeared; but if so, it must be combined with a great 
quantity of some other substance.* | 

These consequences are too important to be admitted with- 
out a very rigorous examination. The experiment must be 
repeated frequently, and we must be absolutely certain that 
the hen has no access to any calcareous earth, and that she 


has not diminished in weight; because in that case some of _ 


the calcareous earth, of which part of her body is composed, 
may have been employed. This rigour is the more necessary, 
as it seems pretty evident, from experiments made long ago, 
that some birds at least cannot produce eggs unless they have 
access to calcareous earth. Dr. Fordyce found, that if the 
canary bird was not supplied with lime at the time of her lay- 


* Ann. de Chim. aie 61. 
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ling, she frequently died, from her eggs not coming forward 
‘properly.* He divided a number of these birds at the time 
of their laying eggs into two parties: to the one he gave a 
piece of old mortar, which the little animals swallowed gree- 
dily ; they laid their eggs as usual, and all of them lived; 
whereas many of the other party, which were supplied with 
no lime, died.+ | 

Vauquelin also ascertained, according to Fourcroy, that 
| pigeons’ dung contains an acid of a peculiar nature, which 
i increases when the matter is diluted with water; but gra- 
dually gives place to ammonia, which is at last exhaled in 
abundance. ft | 

IV. The white matter voided by dogs who feed chiefly on 
bones, was formerly used in medicine under the name of a/bum 
grecum. It has not been examined by modern chemists; but 
is supposed to consist in a great measure of the earthy part of 
the bones used as food.§ 


SECT. XXVIII. 
OF MORBID CONCRETIONS. 


Harp substances occasionally make their appearance in 
different parts of the animal body, both in the solids and in 
the cavities destined to contain the fluids. In the first case, 
they are usually denominated concretions or ossifications ; in 
the second, calculi. 'The knowledge of these bodies is of im- 
portance both to the physiologist and physician. The forma- 
tion is an irregularity in the animal economy, and is likely 
therefore to throw light upon its functions; for we succeed 
best in detecting the secrets of Nature when she deviates from 
that regularity which she usually follows. They often pro- 
duce the most excruciating diseases; and the sufferings of the 
"patient can only be effectually relieved by removing their 
cause. ‘The different animal concretions at present known 
may be divided into five classes: 


1. Ossifications. 4. Urinary calculi. 
2. Intestinal concretions. 5. Gouty calculi. 
8. Biliary calculi. 


We shall take a view of each of these classes in order. 
* On Digestion, p. 25. + Ibid. p. 26. ° 


{ Fourcroy, x. 70. § Neumann’s Chemistry, p. 585. 
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I. OSSIFICATIONS. 


Bokv All the concretions which make their appearance in the 
solids of the animal body may be comprehended under this 
title with propriety; because they have all a close resemblance 
to bone, being composed of similar constituents. The follow- 
ing are the most remarkable of these concretions. 

1. Pineal 1. Pineal concretions.—It is well known to anatomists that 

concretions» small concretions like sand are often found lodged in that part 
of the brain called the pineal gland. It was Geet from 
analogy that they consisted chiefly of phosphate of lime; but 
Dr. Wollaston was the first who examined them chemically, 
and proved the truth of this opinion. He dissolved some of 
the sand in nitric acid, and evaporated the solution; small 
crystalline needles made their pi eageepice indicating the pre- 
sence of phosphate of lime.* 

Sometimes fatty looking concr etions occur both in the 
human brain and in that of inferior animals. M. Lassaigne 
examined a concretion of this kind from the brain of a horse. 
It was white, slightly soft, and of the size of a nut. It dis- 
solved partially in boiling alcohol, and the alcohol on cooling 
let fall a white matter in plates of a pearly lustre. It melted at 
276°, did not stain paper like tallow, and did not combine 
with caustic alkalies. It is therefore the same with the pecu- 
liar matter of biliary calculi called cholesterin by Chevreul.+ 
I lately received from Dr. Corkindale of Glasgow, a number 
of similar concretions which he extracted from the brain of a 
human subject. 

2. Salivary 2, Salivary concretions——Small concretions occasionally 

concretions: make their appearance in the salivary glands, especially the 
parotid and sublingual. From the experiments of Wollas- 
ton and of Fourcroy, we learn that the basis of these concre- 
tions is phosphate of lime, united to a membranous substance, 
which retains the shape of the concretion after the solution of 
the phosphate. This at least was the case in a small salivary 
calculus which IT examined.{ In a salivary concretion weigh- 
ing 14 grain, examined by Dr. Bostock, the whole consisted 


* See Dr. Wollaston’s important paper on Urinary and Gouty Concre- 
tions, Phil. Trans. 1797, p. 386. I shall have occasion to refer to it very 
frequently in the subsequent part of this Section. 

+ Annals of Philosophy, xii. 75. | ; 

} Wollaston, Phil. Trans. 1797, p. 386. Fourcroy, ix,:367. 
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_or threatened with consumption, occasionally cough up small 
rounded white concretions. It is very common to find the 
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of phosphate of lime, excepting a few films of matter which hay. . 


was considered as coagulated albumen.* — 


M. Lassaigne examined a salivary concretion from a cow. 
It was white, very hard, capable of being polished, about the 


size of a pigeon’s egg, and its nucleus was an oat seed. It 


consisted of carbonate of lime, mixed with a little phosphate 


of lime and some animal matter. Buta salivary concretion 


from a horse, examined by the same chemist, was of quite a 


different nature. It was white, soft, elastic, and had exactly 


the form of the canal in which it was lodged. Cold water 


extracted from it a little albumen with some carbonate and 


muriate of soda. It dissolved with facility in alkaline leys and 
burnt like horn. Hence it seems to have consisted chiefly of 
a substance possessing the properties of coagulated albumen.} 
3. Pancreatic concretions.—'The hard substances sometimes 3. Pancreas 


found in the pancreas are said to be of the same nature with te 
_ those of the salivary glands. The assertion, I presume, is 


tions. 


merely from analogy. 


4. Pulmonary concretions.—Many people subject to cough, 4. Patno- 
. nary con- 
cretions. 


lungs of such persons filled with similar bodies. I examined 


some of these bodies coughed up by a consumptive patient, 
and found them composed of phosphate of lime united to a 


thick membranous substance, which retained the form of the 
concretion. ‘The same result had been obtained long before 
by Fourcroy.{ It is probable that pulmonary concretions very 


frequently contain both phosphate and carbonate of lime. 


This, Dr. Henry informs me, was the case with several of 
these bodies examined by him. In some cases they appear to 
contain no phosphate. ‘Thus a pulmonary calculus examined 


by Mr. Crumpton§ was composed of 


Garhonate of. HME: ae cheek our. Be 
Animal matter and water ...... 18 


100 


Dr. Prout has examined many of these concretions, and 


has always found them composed of phosphate of lime, with 
some carbonate of lime, and an animal matter retaining the 


* Nicholson’s Jour. xiii. 374. ¢ Annals of Philosophy, xii. 75. 
j Ann. de Chim. xvi. 91. § Phil. Mag, xiii. 287. 
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shape of the concretion. He is of opinion that pulmonary — 


concretions composed of pure carbonate of lime do not exist.* . 
Pulmonary concretions from a cow labouring under phthisis — 


pulmonaris examined by M. Lassaigne, were found to consist 
of phosphate of lime, with a little carbonate of lime cemented 
by means of a mucous membrane.t 

5. Hepatic concretions.—The liver also is sometimes full of 
similar bodies. ‘The shape of the hepatic concretions, as far 


as my observations go, is more irregular, and I have seen them 


of greater size than the pulmonary concretions. By my ana- 
Haid. they are composed of phosphate of lime and a tougt 
animal membranous matter. 

6. Calculi from the spleen—Some of these rare calculi were 
given to Dr. Henry, by the late Mr. Allan Burns, of Glas- 
gow. They were small, pear-shaped, yellowish white, and 
composed of bone earth. { ) 

". Concretions in the prostate——From the experiments of 


Dr. Wollaston, we learn that the concretions which sometimes. 
form in the prostate gland have likewise phosphate of lime for 


their basis. 
8. The extremities of the muscles and the larger blood ves- 


sels sometimes harden, and assume the appearance,of bone, 


It is believed that this change is a real ossification, or that 
these bodies are converted into real bone. I do not know 
whether any such ossifications have been analysed. 


II INTESTINAL CONCRETIONS. 


Concretions of very considerable size are sometimes found 
lodged in the stomach and intestines; seldom indeed in the 
human body, but more frequently in some of the inferior ani; 
mals. Some of these bodies have acquired great celebrity 
under the name of bexoars ; but their medical virtue, at least 
in- this country, has long ago sunk to its just level. It is to 
Fourcroy and Vauquelin that we are indebted for almost all 
the knowledge of these concretions which we Possess. They 
have distinguished no fewer than seven species of them, all 
composed hs different ingredients. These species, distinguished 
by the constituents of imo are as follows.§ 


* Annals of Philosophy, xiv. 233. 
+ Ibid. xvii. 76. { Ibid. xv. 117. 
§ Ann. de Mus. d’Hist. Nat. iv. 331. 
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i _ 1. Superphosphate of lime. | 4. Biliary. 


_. 2. Phosphate of magnesia. _ 5. Resinous. 
3. Ammonio-phosphate of 6. Fungous. 
magnesia. 7. Hairy. 


ei. Superphosphate of lime.—The intestinal concretions be- 
longing to this species are composed of concentric layers, easily 
' separable from each other and very brittle. They redden ve- 
| ‘getable blues, and are partially soluble in water. The layers 
are unequally thick, and differ in their colour.* They were 
| found i in the intestines of different mammalia. 
_ 2. Phosphate of magnesia.—These concretions are uncom- 
“mon. They are semitr ansparent, and have usually a yellowish 
‘colour. Their specific gravity is 2°160. They are formed of 
layers less numerous and not so easily separated as those of 
the preceding species.+ 
8. Phosphate of ammonia-and-magnesia.—This species is the 
“®ost common of the intestinal concretions. Its colour is grey 
or brown, and it is composed of crystals diverging like rays 
“from acentre. It has some resemblance to calcareous spar. 
At contains abundance of animal matter. This species occurs 
frequently in the intestines of herbivorous animals, as the 
“horse, the elephant, &c. 
e 4. Biliary.—This is a species of concretion found frequently 
“in the intestines of oxen, and likewise in their gall-bladder, 
and employed by painters as an orange-yellow pigment. Its 
‘colour is reddish-brown. It is not composed of layers, but is 
“merely a coagulated mass, and appears to be but little differ- 
ent from the matter of bile. When heated it melts. It dis- 
solves readily in alkalies. Alcohol dissolves it partially, and 
me aires a very bitter taste. t 
5. Resinous.—To this species belong many of the oriental 
bezoar rs, formerly so celebrated, obtained from the intestines 
_of animals with which we are unacquainted. ‘They are fusible 
and combustible, composed of concentric layers, smooth, soft, 
and finely polished. Fourcroy and Vauquelin have distin- 
guished two varieties: the first of a pale-green colour, a 
Slightly bitter taste, almost completely volatile; giving by 
heat a solid tenacious matter, soluble in alcohol, and separating 
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“in crystals as the solution cools. This matter consists partly | 


of bile, partly of resin. The second variety has a brown or 


* Ann. de Mus. d’Hist. Nat. i. 102, and iv. 331. 
+ Ibid. iv.332, { Ibid. iv. 333. 
; 202 
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Lock'y, Violet colour; its taste is not bitter; it does not dissolve in 

“—— alcohol, but is soluble in alkalies. The solution becomes pur- 
ple-red when allowed to dry in the open air. When distilled 
it yields a yellow sublimate, having the smell ll and taste of soot, 
and insoluble in water and Tena x 

6. Fungous.—This species consists of concretions copa 
of pieces ye the boletus igniarius, disposed in layers, and ce- 
mented by an animal matter. These pieces had been doubt- 
less swallowed by the animals in whose intestines they were 
found.+ : 

7.. Hairy.—Balls of hair felted together, sometimes pure, 
sometimes covered with animal matter, and sometimes mixed 
with vegetable remains, occur very fr equently in the intestines 
of anion 

. Ligniform.—This eighth species must be added in con- 
eas of the experiments of Berthollet. Among the pre- 
sents sent to Bonaparte by the king of Persia were ‘thuee be- 
zoars, which were consigned to Ber rthollet for analysis. They 
all belonged to this species. They had an oval shape, and. a 
very saniath surface. Their colour externally was ereenish- 
black, internally brown. They were formed of irregular con- 
centric layers. In the centre of one was found a collection of 
straws and other vegetable fragments; in that of the others, 
small pieces of wood about the size of a pin. Their specifie 
gravity was 1463. ‘They were insoluble in water, alcohol, 
and diluted muriatic acid. Potash ley dissolved them readily, 
and they were thrown down unaltered by muriatic acid. 
When distilled they yielded the products of wood, and left a 
quantity of charcoal in the retort, which, when incinerated, 

gave traces of sulphate of soda, muriate of soda, lime, and 
alia. Thus it appears that they possessed all the properties 
of pure woody fibre. They must have been formed in the 
stomach of the animals, and not in the alimentary canal.§. 

It may be worth while to mention here a collection of in- 
testinal concretions, made by the late Dr. Monro, of Edin- 
burgh, and which may be yet seen in the collection belonging 
to the anatomical class, in the University of Edinburgh 
These concretions were from human subjects. ‘They were 
almost all of a large size, and had in every case proved fatal, 
They have a brown colour, and very much the appearance a! 


* Ann. de Mus. d’Hist. Nat. iv. 334. + Ibid. 335. 
} Ibid. 336. § Mem. d’Arcueil, 11. 448, 
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felt. I extracted from them small quantities of different ani- Chap. 11. 
mal matters; but the great body of the concretion is composed , 
_of the small tuft of hairs which terminate the kernel of the 
oat-seed. Hence their origin is obvious. 


III. BILIARY CALCULI. 


- Hard bodies sometimes form in the gall-bladder, or in the History. 
duct through which the bile passes into the intestinal canal, 
and stop up the passage altogether. These concretions have 
got the name of biliary calculi or gall-stones. They naturally 
drew the attention of physicians, because it was soon ascer- 
tained that they occasioned the disease called jaundice. Ac- 
cordingly they were examined and described by different che- 
mists; and the facts ascertained before 1764 were collected by 
‘Haller in the sixth volume of his Physiology. Since that pe- 
riod, a treatise has been published on them by Vicq d’Azyr; 
and several new facts have been discovered by Poulletier de la 
Sale, Fourcroy, Gren, and Saunders. ‘Thenard has lately 
“subjected them to examination.* 

Such of the biliary calculi as have been hitherto examined pivisibie 
‘with attention may be arranged under four classes. ie tie 
1. The first kind eomprehends those which have a white 
colour, and a crystallized, shining, lamellated structure. They 

consist of adipocire. 

_ 2, Thé second species are polygonal, of a light greyish- 
‘brown colour. Externally they have a covering composed of 
thin concentric layers, within a matter either crystallized or 
“having the appearance of coagulated honey. ‘They are com- 
‘posed chiefly of adipocire; but contain a small portion of 
‘brown matter, considered as matter of bile a little altered. 

3. The third kind are of a brown colour, and are supposed 
“to be composed of altered matter of bile. 

4: The fourth comprehends those gall-stones which do not 
flame, but gradually waste away at a red heat. 

Let us take a view of each of these classes of biliary calculi. 

4. The first species of biliary calculi was pointed. out for ist Species 
the first time by Haller in a dissertation published in 1749. Dicks 
~ Walther afterwards added several new facts ; and at last it was 
accurately described by Vicq d’Azyr. It is almost always of 
an oval shape, sometimes as large as a pigeon’s egg, but com- 
monly about the size of a sparrow’s; and for the most part, 


* Mem. d’Arcueil, 1, 59. 
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Bookv. only one calculus (when of this species) is found in the gall- 
“"\—’ bladder at a time. It has a white colour; and when broken, 
presents crystalline plates or striz, brilliant and white like 
mica, and having a soft greasy feel. Sometimes its colour is 
yellow or greenish ; and it has constantly a nucleus of inspis- 
sated bile.* Its specific gravity is inferior to that of water: 
Gren found the specific gravity of one 0°803.f 
When exposed to the temperature of about 278°,t this 
crystallized calculus softens and melts, and crystallizes again 
when the temperature is lowered.§ It is altogether insoluble. 
in water; but hot alcohol dissolves it with facility. Alcohol, 
of the temperature of 167° dissolves =, of its weight of this 
substance ; but alcohol, at the temperature of 60° scarcely dis- 
solves any of it.|| As the alcohol cools, the matter is depo- 
sited in brilliant plates resembling talc or boracic acid.** It 
is soluble in oil of turpentine.t+ When melted it has the ap- 
pearance of oil, and exhales the odour of melted wax: when 
suddenly heated it evaporates altogether in a thick smoke. 
It is soluble in pure alkalies, and the solution has all the pro- 
perties of a soap. Nitric acid also dissolves it; but it is pre- 
cipitated altered by water.t{{ Indeed the greatest part sepa- 
rates as the liquid cools, and swims on the-surface like drops 
of oil, and seems by the action of the acid to be brought 
nearly to the state of a resin.§§ Fourcroy, who first examined 
this peculiar matter of biliary calculi, has given it the name of 
adipocire, from its resemblance both to fat and to wax. Chev- 
reul could not succeed in converting it into soap, by boiling it 
with potash ley. He has given it the name of cholesterin. 
2d Species 2. [he second kind of biliary calculi is of a polygonal shape, 
i) ™* and a number of them almost always exist in the gall-bladder | 
together. To this, probably, they owe their peculiar form., 
Most commonly they have three blunt angles, and have some 
resemblance to two low tetrahedrons, applied base to base, 
with their edges and angles rounded off. They vary consider- 
ably in their specific gravity. A specimen seemingly belong- 
ing to this species, examined by Dr. Bostock, was of the spe- 
cific gravity 0°900.|||| The mean specific gravity of six which 
I analysed was 1-061, and they all sunk in water. Their outer 


* Fourcroy, Ann. de Chim. iii. 245. + Ann. de Chim. v. 186, 
} Chevreul, Ann. de Chim. xcv. 7. § Ann. de Chim. ii. 123, 
|| Ann. de Chim. ii. 180. ** Thid. iii. 256. 

tt Gren, ibid. v. 187. ti Fourcroy, ibid. ili, 247. 


§§ Bostock, Nicholson’s Jour. iy. 138, || || Ibid. 136, 
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hibit a thin outer crust, composed of concentric layers, alter- 


“nately crystallized in small rays inclining towards the centre. 
_ The nucleus, in all the specimens which I have examined, had 


the appearance of granulated honey. 

‘These calculi, in their composition, differ but little from the 
last species, since they consist almost entirely of adipocire. In 
six’ gall-stones which I analysed, this matter amounted to at 


least 12ths of the whole. The residue was a reddish-brown 


substance, insoluble in alcohol. Nitric acid dissolved it rea- 


_dily, and formed a pink-coloured liquid, from which ammonia 


threw down no precipitate. Pure potash ley dissolved most 
of it readily when assisted by heat. From the solution, mu- 


_ riatic acid threw down a dark-green matter, which had a bitter 


taste, dissolved in alcohol, melted when heated, and exhibited 
most of the properties of picromel. The residue, insoluble in 
potash, was in grey flakes, and resembled albumen in such of 


_ its properties as could be traced. But as it never exceeded 


ath of a grain, it was not possible to ascertain its nature with 
precision. 
3. I have never had an opportunity of seeing any 


from the human species belonging to the third kind, or com- 


posed entirely of altered yellow matter. But in the gall-stones 
examined by Thenard several were of this kind. 

4, Concerning the fourth species of gall-stone very little is 
known with accuracy. Dr. Saunders tells us that he has met 
with some gall-stones insoluble both in alcohol and oil of tur- 


 pentine; some of which do not flame, but become red, and 


consume to an ash like a charcoal.* Haller quotes several 


examples of similar calculi. Probably they do not differ from , 


the third kind. 

5. The gali-stones of oxen are always of a yellow colour, 
and consist of the yellow matter of bile mixed with minute 
traces of bile which may be separated by water. ‘They are 
tasteless, when thus washed, and insoluble in water and aico- 


‘hol. They are used by painters, though their colour is not 


permanent, but soon changes to a brown.{ 


* On the Liver, p.112. | + Physiol. vi. 567. 
+ Thenard, Mem. d’Arcueil, i. 59. 
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surface is smooth, and has a soft feel. When broken they ex- C™P 
Nee ome 


gall-stones 34, of “al- 
tered yellosr 
matier. 


568 


Book ¥V. 


NLR, 


History. 


PARTS OF ANIMALS. 


IV. URINARY CALCULI. 


It is well known that concretions not unfrequently form in 
the bladder, or the other urinary organs, and occasion one of 
the most dismal diseases to which the human species is liable. 

These concretions were distinguished by the name of cal- 
culi, from a supposition that they are of a stony nature. They 
have long attracted the attention of physicians. Chemistry 
had no sooner made its way into medicine than it began to 
exercise its ingenuity upon the urinary calculi; and various 
theories were given of their nature and origin. According to 
Paracelsus, who gave them the ridiculous name of duelech, 
urinary calculi were composed of a mucilaginous tartar which 
floated in the blood vessels. ‘The schoolmen, on the other 
hand, considered them as a peculiar mucilage concocted and 
petrified by the heat of the body. These opinions were ably 
refuted by Van Helmont in his Treatise De Lithiasi, which 
contains the first attempt towards an analysis of urine and 
urinary calculi; and, considering the period at which it was 
written, is certainly possessed of uncommon merit. He de- 
monstrates that the materials of calculi exist in urine: he con- 
siders them as composed of a volatile earthy matter and the 
saline spirit of urine which coagulates instantaneously when 
they combine together; but which are prevented from com- 
bining in healthy people by the presence of what he calls 
scoria, which saturates the salt of urine.* Boyle extracted 
from calculi, by distillation, oil and a great quantity of vola- 
tile salts. Boerhaave supposed them compounds of oil and 
volatile salts. Slare attempted a chemical analysis of them.t 
Hales extracted from them a prodigious quantity of air. He 
gave them the name of animal tartar, pointed out several cir- 
cumstances in which they resemble common tartar, and made 
many experiments to find a solvent of them.t Drs. Whytt 
and Alston pointed out alkalies as solvents of calculi. It was 
an attempt to discover a more perfect solvent that induced Dr. 
Black to make those experiments which terminated in the dis- _ 
covery of the nature of the alkaline carbonates. 

Such was the state of the chemical analysis of calculus, 
when in 1776, Scheele published a dissertation on the subject 


in the Stockholm Transactions; which was succeeded by some 
\ 
* De Lithiasi, p. 21. + Phil. crane xvi. 140. 
¢ Veget. Stat. ii. 189. 
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remarks of Bergman. These illustrious chemists ‘completely chap. 1. 


removed the uncertainty which had hitherto hung over the 
subject, and ascertained the nature of the calculi which they 
examined. 

Since that time considerable additional light has been 
thrown upon the nature of these concretions by the labours of 
Austin, Walther, Brugnatelli, Pearson, &c.. But the most 
important additions to our knowledge of calculi were made 
by Dr. Wollaston. That skilful chemist distinguished them 
into species, and ascertained the composition of each, pointing 
out several new constituents which had not been suspected 
before.* The dissertation on calculi by Fourcroy and Vau- 
quelin is no less important. Most of their results indeed had 
been anticipated by Wollaston: but they analyzed about 500 
calculi with precision; a number sufficient to enable them to 
make a more exact arrangement of them than could be ob- 
tained, till the frequency of the occurrence of every ingredient 
was known. They detected also some substances in calculi 
which had not been observed in them before. A valuable 
dissertation on the subject has been published by Mr. Brande. 


_ He examined 150 calculi in the Hunterian museum, and has 


rectified some mistakes of his predecessors, and added several 
new facts.| Dr. Henry, more lately, has examined the con- 
stituents of 187 calculi. t 


Urinary calculi are usually spheroidal or egg-shaped ; some- Description. 


times they are polygonouns, or resemble a cluster of mulberries; 
and in that case they are distinguished by the epithet mulberry. 
Their size is various; sometimes they are very small, and 


_ sometimes as large as a goose-ege, or even larger. The colour | 


of some of them is a deep-brown resembling that of wood. 
In some cases they are white, and not unlike chalk ; in others, 
of a dark-grey, and hard. ‘These different colours are often 
intermixed, and occur of various degrees of intensity. Their 
surface in some cases is polished like marble; in others, rough 
and unequal ; sometimes they are covered with semitransparent 
crystals. Their specific gravity varies from 1°213 to 1°976.§ 


The substances hitherto discovered in urinary calculi are Component 


the following : 


* Phil. Trans. 1797. > + Ibid. 1808. 
t Annals of Philosophy, xv. 107. 
§ Fourcroy, x. 213. 


- 


i. Urie 
acid. 


9. Urate of 
ammonia. 
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1... Uric acid. 
2. Urate.of ammonia. 
3. Phosphate of lime. * 
4, Phosphate of magnesia and ammonia. 
5. Oxalate of lime. 
6. Muriate of ammonia. 
7, Magnesia. 
8. Phosphate of iron. 
9. Silica. 

10. Nephrin. 

11. Cystic oxide. 

12. Mucus. 

13. Lime. 

1, Uric acid was first discovered in calculi by Scheele. 
The greater number of those concretions hitherto analyzed 
consisted of it. All those analyzed by Scheele were composed. 
of it entirely. Of 300 calculi analyzed by Dr. Pearson, 
scarcely one was found which did not contain a considerable 
quantity of it; and the greater number manifestly were formed 
chiefly of it. Fourcroy and Vauquelin found it also in the 
greater number of the 500 calculi which they analyzed. Of 
150 examined by Brande only 16 were composed entirely of 
this acid; but almost the whole of them contained this acid. 
Of 187 examined by Dr. Henry 71 were composed chiefly of 
uric acid. 

The presence of this acid may be easily ascertained by the 
following properties: ‘The calculi formed of it are brown, 
polished, and resemble wood. A solution of potash or soda 
dissolves it readily, and it is precipitated by the weakest acids. 
The precipitate is soluble in nitric acid; the. solution, when 
evaporated to dryness, is of a pink colour, and tinges the | 
skin red. mt 

2. Urate of ammonia. The existence of calculi composed 
of this constituent was announced by Fourcroy ; but stated to 
be rare. Mr. Brande did not find any such substance in any, 
of the calculi which he examined. On that account he denied 
its existence in calculi; and his opinion has been generally 
adopted by British chemists. But Dr. Prout has lately found 
a calculus, extracted from a boy about two years of age, com- 
posed of it. It had a greenish-clay colour and was composed 


* Brugnatelli found also phosphate of lime, with excess of acid in cal- 
culi, See Ann, de Chim, xxxil. 183. 
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of concentric layers; it was soluble in water, gave out abun- Chap. 1, 
dance of ammonia when treated with the fixed alkalies and ) 
decrepitated strongly before the blow-pipe. It occasioned 

great irritation.* . 

3. Phosphate of lime was observed in calculi by Bergman; 3. Phos. 

afterwards it was found in abundance by Pearson, and more Wate 
lately by Fourcroy and Vauquelin. Dr. Wollaston was the 
first who observed calculi composed of it entirely. The cal- 
culi which he examined were brown, and so smooth externally 
as to appear polished. ‘They were composed of laminz easily 
separable into concentric crusts. In the calculi observed by 
Fourcroy and Vauquelin, the phosphate of lime was white, 
without lustre, friable, stained the hands, paper, and cloth. 
It had very much the appearance of chalk, broke under the 
forceps, was insipid and insoluble in water. It is soluble in 
nitric, muriatic, and acetic acids, and is again precipitated by 
ammonia, fixed alkalies, and oxalic acid. It is intimately mixed 
with a gelatinous matter, which remains under the form of a 
membrane when the earthy part is dissolved by very diluted 
acids, + 

4. The calculi containing phosphate of magnesia and ammo- ier 
nia were first distinguished by Mr. Tennant ; but for their first bates 
analysis we are indebted to Dr. Wollaston. He first pointed hag 
out the presence of the triple phosphate, ascertained its cha- 
racters, and showed how it might be imitated by art.t Four- 
croy and Vauquelin, who detected it soon after, though their 
experiments were not published before the year 1800, suppose 
that it owes its existence to a commencement of putrefaction 
of the urine in the bladder. It occurs in white, semitran- 
sparent, lamellar layers; sometimes it is crystallized on the 
surface of the calculi in prisms, or what are called dog-tooth 
crystals. Its powder is of a brilliant white; it has a weak 
sweetish taste; it is somewhat soluble in water, and very so- 
luble in acids, though greatly diluted. Fixed alkalies decom- 
pose it, leaving magnesia undissolved. : 

It never forms entire calculi. Sometimes it is mixed with 
phosphate of lime, and sometimes layers of it cover uric acid 
or oxalate of lime. It is mixed with the same gelatinous 
matter as phosphate of lime.§ 

* Annals of Philosophy, xv. 436. 

f Fourcroy, Ann. de Chim. xxxii. 218. 
} Phil. Trans, 1797. 

§ Fourcroy, Ann. de Chim, xxxii. 219, 
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Book v. 5» Oxalate of lime was first detected in calculi by Dr. Wol- 
ba laston.* The calculi containing it had been distinguished by 
eflime the name of mulberry; but scarcely any of their characters 

was known till they attracted his attention. In all the calculi 
which he examined, the oxalate was mixed with phosphate of 
lime, and usually also with uric acid; but Fourcroy and Vau- 
quelin found several in which it was united only to animal 
matter. It commonly forms a very hard calculus, of a dark- 
green colour, difficult to saw asunder, admitting a polish like 
ivory, exhaling, when sawed, an odour like that of semen. 
Insoluble and indecomposable by alkalies; soluble in very 
diluted nitric acid, but slowly and with difficulty. It may be 
decomposed by the carbonates of potash and soda. When 
burnt, it leaves behind a quantity of pure lime, amounting to 
one-third of its weight, which may be easily recognised by its 
properties. | 
.Muriate 6. Muriate of ammonia was first detected in calculi by 
ofammonias Pronde. Fourcroy and Vauquelin had announced the exist- 
ence of urate of ammonia in calculi. They founded their 
opinion chiefly on the easy solubility of the supposed urate in 
alkaline leys, and the smell of ammonia given out during the 
solution. Brande found that if such calculi were treated with 
water, a portion was dissolved, and the residue consisted of 
pure uric acid. The matter dissolved was partly nephrin and 
partly muriate of ammonia. To the first of these bodies he 
ascribed the easy solubility of the calculus, and to the second 
the smell of ammonia which it gave out during its solution. { 
7 and 8. The presence of magnesia and phosphate of iron 
in calculi, has been announced by Alemani, an Italian apo- 
thecary. He analyzed an urinary ealculus, and_ obtained. 


from it 
Magnesia....+++++++0-+ 51°00 
Silica seas. sheets « atens tae fiZQ’OO 
Phosphate of iron ...... 21°84 


Carbonate of magnesia... 4°00 
Lospisuiuc seen eeipalcss i Bile 
100°00 

As no details are given, we have no means of ascertaining 


how far these results are to be considered as correct. § 


* Phil. Trans. 1797. + Fourcroy, Ann. de Chim. xxxil. 220. 
+ Phil. Mag. xxxii. 171. § Ann. de Chim. Ixy. 222. 
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9. Silica has only been found in two instances by Fourcroy 
and Vauquelin, though they have analyzed about 600 calculi. 
it must therefore be considered as a very uncommon ingre- 
dient of these concretions. In the two instances in which 
it occurred, it was mixed with phosphate of lime.* The two 
calculi containing it were mulberry ones, but of a lighter 
colour than usual, extremely hard, and difficult to saw or re- 
duce to powder. The presence of silica may be easily de- 
tected by its fusibility into glass with fixed alkalies, and its 
other well known properties. Professor Wurzer has detected 
silica, to the amount of one per cent. ina calculus which he 
analyzed. It was composed of 


Phosphate of lime «..... 17°33 
Ure Baa eet aitis ae 75°34 
Animal matter ........ 6°33 
Bae Use eh le te Or ae okt 1°00 
10000 + 


Silica was found also in an excessive proportion in the calculus 
analyzed ‘by Alemani, the result of which has been stated 
above. 

10. Nephrin was suspected to exist in calculi by Fourcroy 
and Vauquelin, but was first detected by Mr. Brande. He ob- 


tained it by digesting the calculi supposed to contain it in 


water or alcohol, and evaporating the solution. The propor- 
tion of it seems sometimes to be great. In one instance Mr. 
Brande found 36 per cent. of animal matter, the greatest part 
of which no doubt was nephrin.t | 

11. The’ substance called cystic oxide was discovered, and 
its nature ascertained, by Dr. Wollaston. A small calculus, 
passed from the bladder of a man, was entirely composed of 
it. It was white, dense, brittle, and had pretty much the ap- 
pearance of magnesian lime-stone. ‘The characters of this 
new and peculiar animal substance, as ascertained by Dr. 
Wollaston, are the following: 1. It dissolves and combines 
equally with acids and alkalies, and crystallizes with both. 
2. It is precipitated from nitric acid by alcohol. 3. It does 
not become red when treated with nitric acid. 4. It produces 
no change on vegetable blues. 5. It is insoluble in water, 


* Fourcroy, ibid. xxxil. 221. 
+ Gehlen’s Jour. Second Series, 11. 265. 
t Phil. Mag. xxx. 171, 
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alcohol, and ether. 6. When distilled it yields carbonate of 
ammonia and oil, and leaves only a very small fixed residue, 
which is phosphate of lime. ‘This substance has only been 
found hitherto in a few calculi. | 

Dr. Wollaston met with two composed of it. Two of those 
in Dr. Henry’s collection consist of it; and a third contains 
a nucleus of it. This peculiar substance, according to the 
analysis of Dr. Prout, is composed of 


6 atoms hydrogen = 0°75 


6 atoms carbon. = 4°50 
8 atoms oxygen = 8°00 
1 atom azote es al i 
2] L500 xci47 


So that it contains at least 21 atoms, and the weight of an in- 
tegral particle of itis 15. 

12. All calculi contain an animal matter, which serves as a’ 
cement to glue the other ingredients together. ‘This matter 
is often very small-in quantity, though sometimes it is very 
considerable. Fourcroy and Vauquelin at first considered it 
as albumen, but they have lately announced that they have 
ascertained it to be mucus; an opinion much more likely to 
be correct, as mucus is secreted by the internal surface of 
the bladder, and of course is always present in more or less 
quantity. 

13. Lime. Ihave obtained from a calculus extracted from 
a gouty person, by simply exposing it to a red heat and then 
digesting it in water, a solution of quicklime.* Dr. Prout 
has more lately made a similar observation.+ I do not know 
in what state of combination the lime existed before the heat, 
unless it was united to uric acid. 

Such are the component parts of urinary calculi; but as 
these substances often occur mixed together in various ways, 


it is a point of some consequence to be able to ascertain the 


component parts of the different calculi from their appearance, 
and to know what substances usually associate together ; as 
this knowledge may lead hereafter to the true theory of their 
formation, and thus perhaps enable us to prevent that most 
dreadful of all diseases. Fourcroy and Vauquelin, after an 
examination of more than 600 calculi, have divided them into 


* Annals of Philosophy, xiv. 468. + Ibid. xv. 437. 
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three genera and twelve species. The following is a view of chap. u. 


their arrangement : 
GENUS 1. Calculi composed of one ingredient. 


Bs Sp. 1. Uric acid. 
Sp. 2. Urate of ammonia. 
Sp. 3. Oxalate of lime. 


GENUS 11. Calculi composed of two ingredients. 


Sp. 1. Uric acid and the phosphates in layers. 

Sp. 2. Ditto, mixed together. 

Sp. 3. Urate of ammonia and the phosphates in layers. 
Sp. 4. Ditto, mixed together. 

Sp. 5. The phosphates mixed or in layers. 


Sp. 6. Oxalate of lime and uric acid in layers. 


Sp. 7. Oxalate of lime and the phosphates in layers. 


GENUS 111. Calculi containing more than two ingredients. 


Sp. 1. Uric acid, the phosphates, and oxalate of lime. 
Sp. 2. Uric acid, urate of ammonia, the phosphates, silica. 
Let us take a view of each of these species. 


Sp. 1. Uric acid. Colour that of wood, various shades of 
yellow or red. Texture laminar and radiated, compact and 
fine. Specific gravity from 1°5 to 1°786; sometimes so low as 
1°276. Surface usually smooth and polished. Completely 
soluble in fixed alkaline leys, without emitting any odour of 
ammonia. ‘This species is the most common. One fourth of 
the 600 calculi examined by Fourcroy and Vauquelin belonged 
‘to it. 

Sp. 2. Urate of ammonia. Colour brownish white. Tex- 
ture laminar; laminze easily separated from each other. Spe- 
cific gravity from 1225 to 1°720. Surface often crystallized. 


Arrange=- 
ment of the 
calculi. 


Description 
of the spe= 
cies. 


Soluble in hot water, especially when reduced to powder. | 


Soluble in fixed alkalies, while ammonia is evolved. This 
species is uncommon. It seems confined to persons below the 

~age of puberty. This calculus, as appears from Dr. Prout’s 
observations, is peculiarly irritating. 


Sp. 3. Oxalate of lime. Colour soot brown. Texture 


dense and hard, resembling ivory. Surface unequal, and full 
either of pointed or Pynntied protuberances. Hence the 
epithet mulberry, by which the calculi of this species are dis- 
tinguished. Specific gravity from 1°428 to 1:976. When 
sawn, exhales the odour of semen. When calcined, leaves a 


$76 
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Book ¥. residuum of carbonate of lime. Insoluble in alkalies; soluble 


with difficulty in acids. This species occurs frequently. 
Sp. 4. Uric acid and the phosphates in layers. Surface 
white like chalk, and friable or sparry and semitransparent, 


according as the outermost coat is phosphate of lime or of 


magnesia. Often large. When cut, they present a nucleus 
of uric acid. Sometimes this nucleus is covered with alter- 
nate layers of the two phosphates. Specific gravity very va- 
riable. This species is nof uncommon. About =4,th of the 
calculi examined by Fourcroy and Vauquelin belonged to it. 
Sp. 5. Uric acid and the phosphates mixed together. “This 
species varies in its appearance. Sometimes the component 
parts alternate in visible layers; at others they are too thin to 


be perceived by the eye, and can only be ascertained by ana-_ 


lysis. Specific gravity from 1°213 to 1°739. ‘This species is 
not uncommon. About =1,th of the calculi analyzed by Four- 
croy and Vauquelin belonged to it. 

Sp. 6. Urate of ammonia and the phosphates im layers. 
This species resembles the fourth in its appearance; but its 
nucleus, instead of uric acid, is composed of urate of ammonia. 
It is not very common, and the calculi belonging to it are 
smaller than those of the fourth species. 

Sp. 7. Urate of ammonia and the phosphates mixed. This 
species resembles the fifth, but may be distinguished by a 
colour less yellow, and by the ammonia emitted when the 
calculi are treated with potash. ‘The calculi belonging to it 
are small and rather uncommon. > 

Sp. 8. The two phosphates mixed or in len yers. Colour 
white like chalk. ‘Texture laminar; friable, easily separated, 
and staining the surface of other bodies like chalk. Often 
mixed with thin layers of phosphate of magnesia and ammonia, 
sparry and semitransparent. Specific eravity from 1°138 to 
1-471. Soluble in acids, insoluble in alkalies. About =th 
of the calculi examined by Fourcroy and Vauquelin belonged 
to this species. : 


Sp. 9. Oxalate of lime and uric acid in layers, The cal~ | 


culi belonging to this species have a nucleus of oxalate of lime 
covered with a layer, more or less thick, of uric acid; or they 
consist of a small calculus of the third species covered ‘with a 
layer belonging to the first species. ‘They are easily distin- 
guished when sawn in two. About ,,th of the 600 calculi 


he by Fourcroy and Vauquelin belonged to this species. 
Sp. 10. Oxalate of lume and the phosphates i in layers. The 
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calculi belonging to this species have a nucleus of oxalate of Chap- 
om pout 


Time covered with a coat of the phosphates. Externally, 
therefore they are the same with the fourth and eighth species ; 
while the internal nucleus belongs tothe third species. ‘They 
are easily distinguished when sawn intwo. The calculi of 
this species are the most numerous of all, next to those of 
the first species. About 1th of those examined by Fourcroy 
and Vauquelin belonged to it. 

» Sp. 11. Uric acid or urate of ammonia, the phosphates, oxa- 
late of lime. The calculi of this species have a nucleus of 
oxalate of lime, over this a coat of uric-acid or urate of am- 
monia, or of a mixture of both; while the outermost coat is 
composed of the phosphates. 

Sp. 12. Uric acid, uraie of ammonia, the Made. silica. 
The calculi of this species bear a considerable resemblance to 
those of the last. ‘The nucleus is composed of silica and phos- 
phate of lime, then there is a coat of uric acid and urate of 
ammonia, and over all a coat of the phosphates. Only four 
calculi of this kind have been observed. 

Such is the arrangement of Fourcoy and Vauquelin, 


cer- Wollaston’a 


tainly the most c complete which has hitherto appeared. Dr, arrange- 


Wollaston had previously given another, which in many re- 
spects deserves the preiercuce in a practical view. It consists 
of a small number of genera, admirably well Deteen then 
by their characters and constituents. It certainly eee the 
peculiar attention of surgeons. He divides calculi into four 
kinds. ‘They are as follows: 

1. Uric catculi. ‘These are the calculi composed of uric acid, 
or which consist chiefly of that substance. They are either 
completely soluble in pure alkaline leys or nearly so. 

2. Fustble calculi. Composed chiefly of phosphate of lime 
and phosphate of magnesia and ammonia. Before the blow- 


pipe they melt into enamel. ‘They are completely soluble, or 


nearly so, in muriatic acid. 

3. Mulberry calculi. Composed of oxalate of lime or of 
oxalate and phosphate of lime. Inthe state of powder they 
are slowly dissolved by muriatic acid, The residuum is uric 
acid. 

4. Bone earth calculi. These, as the name implies, are 
composed chiefly of phosphate of lime. They are soluble in 
muriatic acid, 

From the observations arid experiments of Mr. Brande, it 
appears that the calculi formed in the kidneys almost always 

VOL. IY. . Z P ‘: 
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BookV. consist of uric acid and animal matter. Sometimes, but very 
oe rarely, they consist of oxalate of lime; and when calculi 
remain in the kid ney a considerable time after they have been 
formed, their external coat consists sometimes of the triple 
phosphate of magnesia and phosphate of lime.* 


Of 150 Balen found in the bladder, and analyzed by Mr. 


Brande, the following was the composition : 


16 Composed of uric acid. 
45 seeeeeees.. uric acid, with a small relative proportion 
of the phosphates. 
66 .....++.+.++ the phosphates with a small proportion of 
uric acid. 
12 ........... the phosphates'entirely. 
5 o.eeeeeeeees uric acid with the phosphates and nuclet 
of oxalate’of lime. 
6G ...00...++. Chiefly oxalate of lime. 


oe ee 


150 + 
Of 187 calculi examined by Dr. Henry 


71 were composed chiefly of uric acid. 


V2) sith es Ep te 1 line eee 
Bi Rise gs SUR ates eg te ore .... oxalate of lime. 
Bali aie ARAN arate aaait eee compound. 
Ds Pie sialele's aye 'e eta wieiorecd bis EY BULOTO MIE: 
BO NS aiakee ga is w+...» alternate layers of uric acid 
and phosphates. 
EQN par ccplieer eins ees Lhe as ise oxalate and phosphate. 
£0: pas gas seececcseveseeee alternate layers of oxalate and 
uric acid. 
PNG UG cp sna elon shania ph) OXEICO, IVI EOE ys (an. phos- 
phates. 
187 


From the preceding account of the different urinary calculi, 
it appears that most of their component parts exist in urine. 
But little satisfactory is known concerning the manner in 
which these concretions are formed, or of the cause of their 
formation. Whenever any solid body makes its way into the 
bladder, it has been observed that it is soon encrusted with 


_* Phil, Mag. xxxii. 167. + Ibid. 171. 
t+ Annals of Philosophy, xv. 108, 
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sions:a calculus. Concretions of uric. acid: seldom or never: 
form in the bladder, unless a primitive nucleus has originated! 
inthe kidneys... The gravel which is so frequently emitted by 
persons threatened with the stone consists always of :this acid. 
As oxalic acid does not exist in urine, some: morbid))change: 
must take place in the urine when calculi composed of oxalate 
of line are deposited. Brugnatelli’s discovery of the instan- 
taneous conversion of uric acid into oxalic acid by chlorine, 
which has been. confirmed by the. experiments of Fourcroy: 
and Vauquelin, throws considerable heht upon the formation 
of oxalic. acid in urine, by showing us that uric acid is pro- 
bably the basis of it; but in what manner the change is actu- 
ally produced, it is not so easy to say. 


a,coat. of :phosphate.of lime; andi this first nucleus soon occas. Chapin 


# 


As our ignorance of the cause of urinary concretions PUtS Attempts te 


it.out of our power to prevent their formation, the ingenuity 


substances capable of dissolving them after they have formed, 
and thus to relieve the human race from one of the most 
dreadful diseases to which it is subject. These attempts must 
have been in vain, or their success must have entirely de- 
pended upon chance, till the properties of the concretions 
themselves had been discovered, and the substances capable of 
dissolving them ascertained by experiment. I shall therefore 
pass over the numerous lithonthriptics* which have been re- 
commmended in all ages, and satisfy myself with giving an 
account of the experiments made by Fourcroy and Vauquelin 
to dissolve stones by injections through the urethra, made after 
their analysis of the urinary calculi. 

The component parts of urinary calculi, as far as solvents 
are concerned, may be reduced under three heads: 


1, Uric acid and urate of ammonia. . 
2. The phosphates. 
3. Oxalate of lime. 
1. A solution of pure potash and soda, so weak that it may 
be kept in the mouth, and even swallowed without pain, soon 
dissolves calculi composed of uric acid, or urate of ammonia, 


provided they be kept plunged in it. 
2. ‘The phosphates are very quickly dissolved by nitric or 


*. There is no room to believe that any of these medicines hitherto pro- 


_ posed, whether alkalies or acids, have any effect as solvents of calculi, 
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muriatic acid, so weak that it may be swallowed without in- 
convenience, and possessed of no greater acridness than urine 
itself. 

3, Oxalate of lime is much more difficult of solution than 
the preceding substances. Calculi composed of it are slowly 
dissolved by nitric acid, or by carbonate of potash or soda, 
weak enough not to irritate the bladder: but the action of 
these substances is slow, and scarcely complete. 

These solvents injected into the bladder repeatedly, and re- 
tained in it as long as the patient can bear their action without 
inconvenience, ought to act upon the stone and gradually dis- 
solve it. The difficulty, however, is to determine the compo- 
sition of the calculus to be acted upon, in order to know 
which of the solvents to employ. But as no method of decid- 
ing this point with certainty is at present known, we must try 
some one of the solvents for once or twice, and examine it after 
it has been thrown out of the bladder. Let us begin, for in- 
stance, with injecting a weak solution of potash; and after it 
has remained in the bladder half an hour, or longer if the 
patient can bear it, let the liquid, as soon as passed, be filtered 
and mixed with a little muriatic acid; if any uric acid has 
been dissolved, a white solution will make its appearance. 
This precipitate is a proof that the calculus is composed of 
uric acid. If it does not appear, after persevering in the al- 
kaline solution for some days, then there is reason to expect 


‘the presence of the phosphates; of course a weak muriatic 


acid solution should be injected. After this solution is emit- 
ted, let it be mixed with ammonia, and the phosphate of lime 
will precipitate, if the calculus be composed of it. If neither 
of these solutions take up any thing, and if the symptoms are 
not alleviated, we must have recourse to the action of nitric 
acid, on the supposition that the calculus is composed of oxa- 
late of lime. These different solutions must be persisted in, 
and varied occasionally as they lose their efficacy, in order to 
dissolve the different coats of the calculus. Such are the 
methods pointed out by Fourcroy and Vauguelin. It is 
scarcely necessary to observe, that the bladder should be eva- 
cuated of urine previous to, the injections, and that the injec- 
tions: should be previously heated to the temperature of the 
body. 
The calculi found in the bladder of the inferior animals 
have been examined by different chemists, especially by lour- 
croy and Vauquelin, and by Dr. Pearson, and Mr. Brande. 
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As far as experiment has hitherto gone, they consist chiefly of chap.a. 
mn Vanemall 


the three following species: 

1. Carbonate of lime. 'These calculi have a white colour, 
are opaque, and are easily recognized by the action of acids. 
They occur most frequently in the bladder of the graminivo- 
rous animals, and seem to have been first detected by Four- 
croy and Vauquelin. The lime is cemented by an animal 
matter. Calculi belonging to this species have been found in 
the bladder of the horse,* the sow,+ the rabbit,* the ox.{ 

2. Earthy phosphate. 'These calculi belong chiefly to the 
carnivorous animals, and seem first to have been examined by 
Dr. Pearson. ‘They consist sometimes of phosphate of lime 
and animal matter, sometimes of a mixture of phosphate of 
lime and phosphate of ammonia and magnesia and animal 
matter. They have been found in the bladder of the dog,§ 
the hog,|| the rat,** and the cat:** and a calculus from a 
horse, examined by Dr. Pearson, was obviously composed of 
the two phosphates. I found the calculus from a hog com- 
posed entirely of phosphate of lime.}+ 

3. Oxalate of lime. Calculi composed of this substance 
have been recently detected by Fourcroy and Vauquelin from 
the bladder of the dog and the rat.{t 

The following table exhibits a view of the constituents of 
the calculi of different animals analysed by Mr. Brande: 


Horse.§§ S Dog. ee = 
7 = || es 
Phosphate of lime ...... 76| 45| 60) 72/| 64, 80 39 
Carbonate of lime ......| 22} 10} 40) 20] | 20/] 90|| 42 
Phosphate of magnesia and) ~ | 
ammonia ....... Rraiiccs 28 30 

Animal matter...... Hedi 15 8] 6 19 
PBS hes Bene haters ats D, O12 10 


100}100)100|100{100} 100/100): 100° 


Several calculi from the bladder of the ox, likewise ex- 


* Pearson. + Brugnatelli and Fourcroy. » ¥ Fourcroy. 
- § Pearson. || Bartholdi. ** Fourcroy and Vauquelin. 
++ Annals of Philosophy, ii. 59. 
t+ Ann. de Mus. d’Hist. Nat. iv. 338. 
§§ The first calculus in the table was from the kidney, all te rest wer 
om the bladder. 
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amined by Mr..Brande, were composed of carbonate’of lime 
and animal matter.* | 

Thus it appears that the calculi of carnivorous‘animals 're- 
semble the human in’ their composition, excepting that uric 
acid has never been detected in them. 


Vv. GOUTY CONCRETIONS. 


It is well known that concretions occasionally make their 
appearance in joints long subject’to gout. These concretions, 
from their colour and softness, have received the name of 
chalk-stones. They are usually small, though they have been 
observed of the size of an ege.f It had long been the opinion 
of physicians that these concretions were similar to the urinary 
calculi. Of course, ‘after the discovery of uric acid by Scheele, 
it‘was usual to consider the gouty chalk’stones as collections 
of ‘that acid. They were subjected to a chemical analysis by 
Dr. Woilaston in 1797, who found them composed of uric 
acid and soda. 

Gouty concretions are-soft and friable. Cold water has 
little effect upon them; but boiling water dissolves a small 
portion. If'an acid be added to this solution, small crystals 
of uric acid are deposited-on the sides of the vessel. 

These concretions are completely soluble in’ potash when 
the action of the alkaline solution is assisted by heat. 

When. treated with-diluted- sulphuric or-with muriatic-acid, 
tie soda is separated ; but the uric acid remains, and may be 
separated by filtration. The liquid, when evaporated, yields 
crystals-of sulphate or muriate of soda, according to the acid 
employed. The residuum possesses all the characters of uric 
acid. ‘When distilled it yields ammonia, prussic acid, and the 
acid sublimate of Scheele. When dissolved in a little nitric 
acid, it tinges the skin of a rose colour, and when evaporated 
leaves a rose-coloured deliquescent residuum. It is soluble in 
potash, and. may be precipitated-by any acid, and by ammo- 
nia; first: in the state of a jelly, and then breaking down 
into a white powder. 

When uric acid, soda, and a little warm water, are tritu- 
rated together, a mass is formed, which, after the surplus of 
soda is washed off, possesses the ence properties of gouty 
concretions. { 


* Phil. Mag. xxxii..475. ¢ Severinus. 
{ See Dr. Wollaston’s analysis, Phil. Trans. 1797, 
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MORBID SECRETIONS. 


In different diseases to which the animal: body is subject, 
various fluids make their appearance which did not exist pre- 
viously, at least under the form which they assume. ‘Thus in 
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dropsy, the cellular substance, and frequently also the cavities _ 


of the head, breast, or abdomen, are filled with a whitish li- 
— quid. When any part of the skin is irritated into a blister, 
the interval between the cutis and cuticle is filled with a trans- 
parent fluid: and when any part of the muscles or skin is 
wounded, the ulcer is soon covered with a thick matter called 
pus. A thin sanies exudes from cancers and carious bones. 
A chemical knowledge of these secretions cannot but be at- 
tended with advantage both to the physiologist and physician. 
Unfortunately little precise information respecting these fluids 
can be at present given. It will be worth while, however, to 
state the observations that have been made. 


I. PUS. 


The liquid called pus is secreted from the surface of an 
inflamed part, and usually moderates and terminates the in- 
flammation. It assumes different appearances according to 
the state of the sore. When it indicates a healing sore, it is 
called healthy or good-conditioned pus. ‘The liquid possesses 
the following properties : 

It is of a yellowish-white colour, and of the consistence of: 
cream. Its taste is insipid, and it has no smell when cold. 
Before the microscope it exhibits the appearance of white 
globules swimming in a transparent fluid.* Its specific gra- 
vity varies from 1:031 to 1°033.+ 

It produces no change on vegetable blues.{ When exposed 
to a moderate heat it gradually dries, and assumes the appear- 


Various 


Properties: 
of healthy 
pus. 


ance of horn. When exposed to destructive distillation, 


Bergman obtained first about one-fourth of the pus in the 
state of insipid water. On increasing the fire, a liquid came 
over, containing abundance of ammonia, and accompanied by 
gaseous bodies, which were not examined. Some concrete 


* Home on Ulcers. + Pearson, Nicholson’s Jour. xxx. 17. 
¢ Cruickshanks. 
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Book V.' carbonate of ammonia sublimed, accompanied by empyreu- 
matic oil. A light brilliant coal remained of difficult incine- 
ration. ‘The ashes gave traces of iron.* 

When pus is left exposed to the air, it gradually becomes 
acid, according to Hildebrant; and Haller affirms that it 
sometimes gives a red colour to litmus even when recent. 
When thrown into water it sinks to the bottom. When agi- 
tated the mixture becomes milky; but the pus separates again 
when allowed to remain undistuybed. However, by repeated 
agitation, and especially by the application of heat, a milky 
liquid is obtained, which passes in that state through the filter. 

Alcohol thickens pus, but does not dissclve it; neither does 
pus unite with oils. 

Sulphuric acid dissolves it, and forms a purple coloured so- 
lution. When diluted with water, the dark colour disappears, 
and the pus separates; either sinking to the bottom, or rising 
to the surface, according to the quantity of water added, and: 
the time that the solution has been allowed to stand. Diluted 
sulphuric acid does not act upon it. 3 

Concentrated nitric acid effervesces with it, and forms a yel- 
low solution, which when recent is decomposed by water, the 
pus subsiding in the state of grey flakes. 

Muriatic acid also dissolves it when heated, and the pus is 
separated by water. 

With the fixed alkaline leys it forms a whitish ropy fluid, 
which is decomposed by water; the pus precipitating. Pure 
ammonia reduces it to a transparent jelly, and gradually dis- 
solves a considerable portion of it.+ 

When nitrate of silver is dropped into the solution of pus 
in water, a white precipitate separates. Nitrate of mercury 
and corrosive sublimate occasion a much more copious flaky 
precipitate. t 

How distin- Such are the properties of healthy pus hitherto observed by 
Bene as, Chemists. They indicate a considerable analogy with albu- 
men. Various observations have been made to enable phy- 
sicians to distinguish pus from the mucus of the internal cavi- 
ties, especially of the lungs. In cases of copious expectora- 
tion, it is sometimes of consequence to know whether the 
matter thrown out of the lungs is pus or mucus. Mr. Charles 
Darwin made a set of experiments on the subject, and pointed 
out three criteria which distinguished pus. 1. Sulphuric acid 


* Gren’s Handbuch, ii. 426. ¢ Cruickshanks, t Ibid. 
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dissolves it. When the solution is diluted the pus precipi- Chap. KL. 


tates; but mucus treated in the same manner swims. But 
this distinction depends upon the quantity of water added, and 
is therefore ambiguous. 2. Pus is diffusible through diluted 
sulphuric acid, through water, and through brine; but mucus 
isnot. 3. Alkaline leys dissolve pus; water precipitates pus 
thus dissolved, but not mucus. How far these two last dis- 
_ tinctions can be trusted, is rather doubtful. Grasmeyer has 
proposed the following method, which. he considers as com- 
plete. Triturate the substance to be tried with an equal quan- 
tity of warm water; then add to it an equal portion of a sa- 
‘turated solution of carbonate of potash, and set the mixture 
aside. If it contains pus, a transparent jelly subsides in a few 
hours ; but this does not happen if only mucus be present.* 

2. When the ulcer is ill-conditioned, the pus secreted in it 
possesses different properties. It has usually a fetid smell, is 
much thinner, and to a certain degree acrid. We are in pos- 
session of two sets of experiments on this unhealthy pus: one 
by Mr. Cruickshanks on the pus discharged from what is 
called the hospital sore ; another by Dr. Crawford on the mat- 
ter of cancers. 


The pus from the hospital sore possesses most of the pro- vas of the 
perties of healthy pus; but is distinguished by its odour, and re 


by some shades of difference when ee Greed to the action of the. 
metallic precipitates. Lime-water changes its fetid odour, but 
does not destroy it; sulphuric acid increases it, as do alcohol 


and the solution of oxide of arsenic in potash. Bark has no 


effect upon it; but it is destroyed by the nitrate of mercury 
and corrosive sublimate, by nitric acid, and by chlorine. Ni- 
trate of silver does not destroy it. Mr. Cruickshanks supposes 
that the fetid smell is occasioned by the alteration of some part 
of true pus. He considers the pus of the hospital sore as a 
matter sui generis, which is capable of generating more, and 
even of producing an alteration in the system. Hence, to heal 
the sore, the matter must be destroyed, and prevented from 
appearing again. ‘This was done by washing the sores with 
nitrate of mercury, diluted nitric acid, and chlorine at every 
dressing. ‘This method constantly succeeded with Dr. Rollo, 
except when the sore was too large to admit it to be put in 
practice completely. 


* Gren’s Handbuch, ii. 433.. Dr. Pearson’s experiments on pus deserve 
the attention of the reader, See Nicholson’s Jour. xxx. 17. 


586 PARTS OF ANIMALS. 


‘Book'V. 3. The matter of cancer, examined by Dr. Crawford, gave 
masor @ green colour to syrup of violets. Potash produced no change; 
sneer, but sulphuric acid extricated a gas which possessed many of 

the properties of sulphuretted hydrogen. This gas he sup- 
poses to exist in the matter united toammonia. ‘The presence 
of this compound explains the effects of the matter of cancer, 
and virulent matter in general, upon metallic salts. Dr. Craw- 
ford found that the odour of this matter was completely de- 
stroyed by chlorine; and therefore recommends it as a proper 
substance for washing cancerous ulcers. 

4. Besides the species mentioned above, there are many 
others which we know from their effects to be peculiar, though 
we cannot find any chemical distinctions between them suffi- 
ciently well marked. But that they are specifically different 
cannot be doubted, if we consider that every one of them pro- 
duces a’ disease peculiar to itself. ‘The matter of small-pox, 
of venereal ulcers, of cow-pox, &c. may be mentioned as in~ 
stances. 

II. LIQUOR OF DROPSY. 


The liquor which fills the cavities of the body in dropsy has 
a yellowish-green colour, and is sometimes turbid, sometimes 
nearly transparent. A few experiments on a colourless liquor 
extracted from a dropsical patient have been published by 
Wurzer: from which it appears to have contained albumen, 
mucus, sulphuretted hydrogen, phosphate of lime, muriate of 
soda, and soda.* To Dr. Bostock we are indebted for an ex- 
amination of the colourless liquid obtained by puncturing a 
tumor in the spine, formed in the disease called spina bifida. 
It was slightly opaque, and did not alter vegetable blues ; heat 
increased its opacity, but did not coagulate it. Its constituents 
were found to be as follows: 


Vater cue i aie 97°8 
Muriate of soda. ....-. 10 
Albumen)... >> eet. Sa 


Mucus eeevoe¢eeveeeseee t @ 
; Gelatin _e@eoeneeeeee Py eeoe¢ee# 
Lime, a trace 


0°5 : ; é 
0-2 § Proportions conjectural. 
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A fluid of the same kind from the head of a child about ten 
years of age has been more lately examined by Dr. Prout. It 


* Gehlen’s Jour. v. 663. + Nicholson’s Jour. xiv. 145. 
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very faintly reddened litmus paper, and restored the yellow Chap. 
colour of turmeric paper rendered brown by ammonia. Its 
specific gravity was 1:0085. Its constituents were as follows: 


WV aberrant. Urey icin mnie Hair IN tibia. 4 eee QS7*18 
Albumen, precipitated by nitric acid and heat... 1°66 
Substances soluble in alcohol (fatty adipocirous 
matter;ilactate of soda?) ue. i eee 1°65 
‘Substances soluble in water, viz. | 
Muriates of potash and soda ........ bina d 
Sulphate of soda and some animal mat- ‘OBI 
ter not coagulated by heat 2d i 


1000:00* 
IIf. LIQUOR OF BLISTERS. 


The liquid which makes its appearance when the epidermis 
is raised into blisters is perfectly transparent and liquid. When 
the blisters are artificial, it is usually yellow, and has the 
odour of the blistering plaster. From the experiments of 
Margueron, we learn that it is composed of the same consti- 

_tuents as the serum'of the blood. From 200 parts of this 
liquid he obtained, 


Albimens siti Boil es 36 


Constitue 
Muriate of soda...... mite Ae ee 
Carbonate of soda........ a 
Phosphate of lime........ 2 
Watery. sar aaaliiadh weds 156 
200+ 
MERU  S 


Thus I have given an account of all those secretions which 
have been attentively examined by chemists. The remainder 
have been hitherto neglected; partly owing to the difficulty of 
procuring them, and partly on account of the multiplicity of 
other objects which occupied the attention of chemical philo- 
sophers. It remains for us now to examine -by what processes 
these different. secretions.are formed, how the constant waste 
of living bodies..is repaired, and how the organs themselves 
are nourished, and preserved. This shall form the subject of 
the following Chapter. 


** Annals of Philosophy; ‘xvi. 151. + Ann. de Chim, ‘siv, 225. 
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CHAP. III. 
OF THE FUNCTIONS OF ANIMALS. 


Beoky. CHE intention of the two last Chapters was to exhibit a view 
“—— of the different substances which enter into the composition-of 
animals, as far as the present limited state of our knowledge 
puts it in our power. But were our inquiries concerning ani- 
mals confined to the mere ingredients of which their bodies are 
composed, even supposing the analysis as complete as possible, 
our knowledge of the nature and properties of animals would 

be imperfect indeed. 

How are these substances arranged? How are they pro- 
duced ? What purposes do they serve? What are the distin- 
guishing properties of animals, and the laws by which they 
are regulated ? 

Animatsre. Animals resemble vegetables in the complexness of their 

poerssnb a structure. Like them, they are machines nicely adapted for 
particular purposes, constituting one whole, and continually 
performing an infinite number of the most delicate processes. 
But-neither an account of the structure of animals, nor of the 
properties which distinguish them from other beings, will be 
expected here: these topics belong entirely to the anatomist 
and physiologist. I mean in the present Chapter to take a 
view of those processes only that are concerned in the produc- 
tion of animal substances, which alone properly belong to 
Chemistry. The other functions are regulated by laws of a 
very different nature, which have no resemblance or analogy 
to the laws of Chemistry or Mechanics. 


SECT. I. 
OF DIGESTION. 


Food nee. Every body knows that animals require food, and that they 
cH die sooner or later if food be withheld from them. There is 
indeed a very great difference in the quantity of food which 
animals require, and in the time which they can pass without 
it. In general, those animals which are most active require 
most, and those which are most indolent require least food. 
The cause of this is pretty obvious; the bodies of animals do 
not remain. stationary, they are constantly wasting; and the 


DIGESTION. 589 


waste is proportional to the activity of the animal. Hence the Chap. ur. 
body must receive, from time to time, new supplies, in place 

- of what has been carried off. The use of food answers this 
purpose. 

2. We are much better acquainted with the food of animals tts nature. 

than of vegetables. It consists of almost all the animal and 
vegetable substances which have been treated of in this and 
the preceding Book: for there are but very few of them which 
some animal or other does not use as food. Man uses as food 
chiefly the muscles of animals, the seed of certain grasses, and 
a variety of vegetable fruits. Almost all the inferior animals 
have particular substances on which they feed exclusively. 
Some of them feed on animals, others on vegetables. Man has 
a greater range; he can feed on a very great number of sub- 
stances. ‘To enumerate these substances would be useless; as 
we are not able to point out with accuracy what it is which 
renders one substance more nourishing than another.* 
-« Many substances do not serve as nourishment at all; and 
not a few, instead of nourishing, destroy life. ‘These last are 
called poisons. Some poisons act chemically, by decomposing 
the animal body. The action of others is not so well under- 
stood. 


_ * Mr. Holt has ascertained a very curious fact, with respect to the aranea 
scenica. It devours sulphate of zinc, and appears to deprive that salt of its 
acid. See Annals of Philosophy, xii. 454. 

~ + M. Magendie, of Paris, made a curious set of experiments, which he 
considers as demonstrating the necessity of the presence of azote as a con- 
stituent of food. He fed dogs on sugar, allowing them no other article of 
nourishment except water. ‘The animals swallowed the food with avidity ; 
but they gradually became emaciated, and in about six weeks died of star- 
vation. An ulcer always broke out in the corner of the eyes, and they lost 
their sight some days before their death. The same experiments were made 
upon other dogs, substituting gum and butter for sugar. The result in both 
cases was exactly the same. 

But I do not consider these experiments as affording a decisive proof that 
sugar, gum, and butter are incapable of supporting the life of dogs. I think 
it not improbable that dogs, having been accustomed to a very different kind 
of food, may not be at first capable of digesting such articles. But if the 
change were brought about gradually instead of all at once, is it not proba- 
ble that dogs might be made to live upon sugar, gum, and butter? A sheep 

“is accustomed to live upon vegetable food, and it is incapable at first of 
digesting animal food; but it may be brought by degrees to relish animal 
food, and even to live upon it. It is said that in’such cases the animal be- 
comes incapable of digesting vegetable food. This effect of habit renders 
it very difficult to draw unexceptionable consequences from experiments on 
lrving animals. 
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Bokv. 3. The food is introduced into the body by the mouth, and 
SINT almost all animals reduce it toa kind of pulpy consistence. In 
wat Ae man, and many other animals, this is done in the mouth by 
mach, means of teeth and the saliva with which it is there mixed; 

but many other animals grind their food in a different manner. 
After the food has. been thus ground, it is introduced into the 
stomach, where it is subjected to new changes. The stomach 
is a strong soft bag, of different forms in different animals: in 
man it has some resemblance to the bag of a bag-pipe. In this 
organ the food is converted into.a soft pap, which has no re- 
semblance to the food when first. introduced. This pap has 
been called chyme. V4 
4. Since chyme possesses new properties, it is evident that 
the food has undergone some changes in the stomach, and that 
the ingredients of which it was composed have entered into. 
new combinations. Now, in what manner have these changes 
been produced ? | 
This change At first they were ascribed to the mechanical action of the 
Pagid stomach. ‘The food, it was said, was still farther triturated in 
of thea.” that organ: and being long agitated backwards and forwards 
mach, in it, was at last reduced to a.pulp. But this opinion, upom 
examination, was found not to be true. The experiments of 
Stevens, Reaumur, and Spallanzani, demonstrated that the 
formation of chyme is not owing to trituration ; for on inclosin 
different kinds of food in metallic tubes and balls full of holes, 
in such a manner as to screen them- from the mechanical ac- 
tion of the stomach, they found that these substances, after 
having remained a sufficient time in the stomach, were con- 
verted into chyme, just as if they had not been inclosed in 
such tubes. Indeed the opinion was untenable, even inde- 
pendent of these decisive experiments, the moment it was per=. 
ceived that chyme differed entirely from the food which had. 
been taken: that is to say, that if the same food were tritu- 
rated mechanically out of the body, and reduced to pap of 
precisely the same consistence with chyme, it would not possess 
the same properties with chyme; for whenever this fact was 
known, it could not but be evident that the food had under- 
gone changes in its composition. 
Ascribedto “I'he change of food into chyme therefore was. ascribed by. 
fermenta- a ae . Rae fy lane ; . 
tion, many to fermentation. This opinion is indeed very: ancient, 
and it has had many zealous supporters among the moderns. 
When the word fermentation was applied. to the change pro- 


duced on the food in the stomach, the nature of the process: 
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_ called fermentation was altogether unknown. The appear- Chap. 
ances, indeed, which take place during that process had been 
described, and the progress and the result of it were known: 
but no attempt had been made to explain the cause of fermen-: 
tation, or to trace the changes which take place during its 

_ continuance. All that could be meant, then, by saying that 

_the conversion of food into chynie in the stomach is owing 
to fermentation, was merely, that the unknown cause which 
acted during the conversion of vegetable substances into 
wine or acid, or during their putrefaction, acted also during 
the conversion of food into chyme, and that the result in both 
cases was precisely the same. Accordingly, the advocates for 
this opinion attempted to prove, that air was constantly gene- 
rated in the stomach, and that an acid was constantly pro- 
duced ; for it was the vinous and acetous fermentations which 
were assigned by the greater number of physiologists as the 
cause of the formation of chyme. Some indeed attempted to 
prove that it was produced by the putrefactive fermentation, 
but their number was inconsiderable, compared with those 
who adopted the other opinion. 

bur ideas respecting fermentation are now somewhat more 

precise. It signifies a slow decomposition, which takes place 
when certain animal or vegetable substances are mixed toge- 
ther at a given temperature; and the consequent production 
of particular compounds. — If, therefore, the conversion of the 
food into chyme be owing to fermentation, it is evident that it: 
is totally independent of the stomach any farther than as it 
supplies temperature; and that the food would be converted 
into chyme exactly in the same manner if it were reduced to 
the same consistence, and placed in the same temperature out 

of the body. But this is by no means the case;. substances. But without 
are reduced to the state of chyme in a short time in the" 
stomach, which would remain unaltered for weeks:in the same 
temperature out of the body. ‘This is the case with bones; 
which the experiments of Stevens and Spallanzani have shown 

_ to be soon digested in the stomach of the dog. Further, if 
the conversion of food into chyme were owing to fermentation, 
it ought to go on equally well in the stomach and cesophagus, 

Now, it was observed long ago by Ray and Boyle, that when 

_ Voracious fish had swallowed animals too large to be contained 
in the stomach, that’ part only which was in the stomach was 
converted into chyme, while what was in the cesophagus re- 
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mained entire; and this has been fully confirmed by subse— 
quent observations. 
Still farther, if the conversion were owing to fermentation, 


it ought always to take place equally well, provided the tem-' 
perature be the same, whether the stomach be in a healthy state - 


or not. ~But it is well known that this is not the case. "The 
formation of chyme depends very much on the state of the 
stomach. When that organ is diseased, digestion is con- 


stantly ill performed. In these cases, indeed, fermentation 


sometimes appears, and produces flatulence, acid eructations, 
&e. which are the well-known symptoms of indigestion. 
These facts, which have been long known, are incompatible 
with the supposition, that the formation of chyme is owing to 


fermentation. Accordingly that opinion has been for some’ 


time abandoned, by all those at least who have taken the trou- 
ble to examine the subject. 

The formation of chyme, then, is owing to the stomach; 
and it has been concluded, from the experiments of Stevens, 
Reaumur, Spallanzani, Scopoli, Brugnatelli, Carimini, &c. 
that its formation is brought about by the action of a particu- 
lar liquid secreted by the stomach, and for that reason called 
gastric jutce. 

That it is owing to the action of a liquid is evident; be- 
cause, if pieces of food be inclosed in close tubes, they pass 
through the stomach without any farther alteration than would 
have taken place at the same temperature out of the body; but 
if the tubes be perforated with small holes, the food is con- 
verted into chyme. 

This liquid does not act indiscriminately upon all sub- 
stances: for if grains of corn be put into a perforated tube, 
and a granivorous bird be made to swallow it, the corn will re- 
main the usual time in the stomach without alteration; 
whereas if the husk of the grain be previously taken off, the 
whole of it will be conver ted into chyme. It is well known, 
too, that many substances pass unaltered through the intes- 
tines of animals, and consequently are not acted upon by the 
gastric juice. This is the case frequently with grains of oats, 
when they have been swallowed by horses entire with their 
husks on. This is the case also with the seeds of apples, &c. 
when swallowed entire by man; yet these very substances, if 
they have been previously ground sufficiently by the teeth, 
are digested. It appears, therefore, that it is chiefly the husk 


' DIGESTION. 


593 


or outside of these substances which resists the action of the ‘chsp. 11. 
gastric juice. We see, also, that trituration greatly facilitates “~~~ 


the conversion of food into chyme. 

The gastric juice is not the same in all animals; for many 
animals cannot digest the food on which others live. The 
conium maculatum (hemlock), for instance, is a poison to man 
instead of food, yet the goat often feeds upon it. Many ani- 
mals, as sheep, live wholly upon vegetables; and if they are 
made to feed on animals, their stomachs will not digest them: 
others, again, as the eagle, feed wholly on animal substances, 
and cannot digest vegetables. 

The gastric juice does not continue always of the same na- 
ture, even in the same animal; it changes gradually according 
to circumstances. Graminivorous animals may be brought to 
live on animal food; and after they have been accustomed to 
this for some time, their stomachs become incapable of digest- 
ing vegetables. On the other hand, those animals which 
naturally digest nothing but animal food may be brought to 
digest vegetables. 

5. What is the nature of the gastric juice which possesses 
these singular properties? It is evidently different in different 
animals; but it is a very difficult task, if not an impossible 


one, to obtain it in a state of purity. Various attempts have methods of 
indeed been made by very ingenious philosophers to procure paragon 


it; but their analyses of it is sufficient to show us that they 
have never obtained it in a state of purity. 

The methods which have been used to procure gastric juice 
are, first, to kill the animal whose gastic juice is to be examined 
after it has fasted for some time. By this method Spallanzani 
collected 37 spoonfuls from the two first stomachs of a sheep. 
It was of a green colour, undoubtedly owing to the grass 
which the animal had eaten. He found also half a spoonful 
in the stomach of some young crows which he killed before 
they had left their nest. 

Small tubes of metal pierced with holes, and containing a 
dry sponge, have been swallowed by animals; and when vomited 
up, the liquid imbibed by the sponge is squeezed out. By this 
method, Spallanzani collected 481 grains of gastric juice from 
the stomachs of five crows. ? 

A third method consists in exciting vomiting in the morn- 
ing, when the stemach is without food. Spallanzani tried 
this method twice upon himself, and collected one of the times 
1 oz. 32 gr. of liquid; but the pain was so great that he did 
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Book v. not think proper to try the experiment a third time. Mr, 
Gosse, however, who could excite vomiting whenever he 
thought proper, by swallowing air, has employed that method 
to collect gastric juice. 

Spallanzani has observed that eagles throw up every morn- 
ing a quantity of liquid, which he considers as gastric juice 5. 
and he has availed himself of this to collect it in considerable _ 
quantities. , 

It is almost unnecessary to remark how imperfect these dif- 
ferent methods are,.and how far every conclusion drawn from 
the examination of such juices must deviate from the truth. 
It is impossible that the gastric juice obtained by any one of 
these processes can be pure; because in the stomach it must 
be constantly mixed with large quantities of saliva, mucus, 
bile, food, &c. It may be questioned, indeed, whether any 
gastric juice at all can be obtained by these methods; for, 
as the intention of the gastric juice is to convert the food into 
chyme, in all probability its only secreted, or at least thrown 
into the stomach, when food is present. , : 

Attempts to We need not be surprised, then, at the contradictory ac- 

analyse it. counts concerning its nature, given us by those philosophers. 
who have attempted to examine it; as these relate not so 
much to the gastric juice, as to the different substances found 
in the stomach. ‘The idea that the gastric juice can be ob- 
tained by vomiting, or that it is thrown up spontaneously by 
some animals, is, to say the least of it, very far from being 
probable. 

According to Brugnatelli, the gastric juice of carnivorous. 
animals, as hawks, kites, &c. has an acid and resinous odour, 
is very bitter, and not at all watery; and is composed of an 
uncombined acid, a resin, an animal substance, and a small 
quantity of muriate of soda.* ‘The gastric juice of herbivor- 
ous animals, on the contrary, as goats, sheep, &c. is very 
watery, a little muddy, has a bitter saltish taste, and contains 
ammonia, an animal extract, and a pretty large quantity of 
muriate of soda.+ Mr. Carminati found the same ingredients; 
but he supposes that the ammonia had been formed by the pu- 
trefaction of a part of their food, and that in reality the gastric 
juice of these animals is of an acid nature.t | 

The accounts which have been given of the gastric juice of 
map are so various, that it is not worth while to transcribe 

* Scopoli, Macquer’s Dict. + Ibid. 
+ Sennebier’s Obseryations on Gastric Juice. 
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them. Sometimes it has been found of an acid nature, at chap.tt. 


other times not. The experiments of Spallanzani are suffi- 
cient to show that this acidity is not owing to the gastric juice, 
but to the food. He never found any acidity in the gastric 
juice of birds of prey, nor of serpents, frogs, and fishes. 
Crows gave an acidulous gastric juice only when fed on grain; 
and he finds that the same observation holds with respect to 
dogs, herbivorous animals, and domestic fowls. Carnivorous 
birds threw up pieces of shells and coral without alteration; 
but these substances were sensibly diminished in the stomachs 
of hens, even when inclosed in perforated tubes. Spallanzani 
- himself. swallowed calcareous substances inclosed in tubes; 
and when he fed on vegetables and fruits, they were sometimes 
altered and a little diminished in weight, just as if they had 
been put into weak vinegar; but when he used only animal 
food, they came out untouched. According to this philo- 
sopher, whose experiments have been by far the most numer- 
ous, the gastric juice is naturaily neither} acid nor alkaline. 
When poured on the carbonate of potash, it causes no effer- 
vescence. 

Such are the results of the experiments on the juices taken 
from the stomach of animals. No conclusion can be drawn 
from them respecting the nature of the gastric juice. But 
from the experiments which have been made on the digestion 
of the stomach, especially by Spallanzani, the following facts 
_ are established : 


The gastric juice attacks the surface of bodies, unites to the tts effect on 


particles of them, which it carries off, and cannot be separated 
from them by filtration. It operates with more energy and 
rapidity the more the food is divided, and its action is increased 
by a warm temperature. The food is not merely reduced to 
very minute parts; its taste and smell are quite changed; its 
sensible properties are destroyed, and it acquires new and very 
different ones. This juice does not act as a ferment; so far 
from it, that it is a powerful antiseptic, and even restores flesh 
already putrefied. ‘There is not the smallest appearance of 
such a process; indeed, when the juice is renewed frequently, 
‘as in the stomach, substances dissolve in it with a rapidity- 
which excludes all idea of fermentation. Only a few air bub- 
bles make their escape, which adhere to the elementary mat- 
ter, and buoy it up to the top, and which are probably extri- 
cated by the heat of the solution. 
20 2 
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With respect to the substances contained in the stomach, 
only two facts have been perfectly ascertained: the first is, 


that the juice contained in the stomach of oxen, calves, sheep, 


invariably contains uncombined phosphoric acid, as Macquart 


and Vauquelin have demonstrated: the second, that the juice 


contained in the stomach, and even the inner coat of the sto- 
mach itself, has the property of coagulating milk and the 
serum of blood. Dr. Young found that seven grains of the 
inner coat of a calf’s stomach, infused in water, gave a liquid 
which coagulated more than 100 ounces of milk; that is to 
say, more than 6857 times its own weight: and yet, in all 


probability, its weight was not much diminished. 


What the substance is which possesses this coagulating pro- 
perty has not yet been ascertained ; but it is evidently not very 
soluble in water: for the inside of a calf’s stomach, after be- 
ing steeped in water for six hours, and then well washed 
with water, still furnishes a liquor on infusion which coagu- 
lates milk: * And Dr. Young found that a piece of the inner 


coat of the stomach, after being previously washed with water, — 


Ghyme con « 
verted into 
chyJe and 
excrement. 


and then with a diluted solution of carbonate of potash, still 
afforded a liquid which coagulated milk and serum. 

It is evident, from these facts, that this coagulating sub- 
stance, whatever it is, acts very powerfully ; and that it is 
scarcely possible to separate it completely from the stomach. 
But we know at present too little of the nature of coagulation 
to be able to draw any inference from these facts. An almost 
imperceptible quantity of some substances seems to be suffi- 
cient to coagulate milk: For Mr. Vaillant mentions, in his 
Travels in Africa, that a porcelain dish which he procured, | 
and which had lain for some years at the bottom of the sea, 
possessed, in consequence, the property of coagulating milk 
when put into it; yet it communicated no taste to the milk, 
and did not differ in appearance from other cups. 

It is probable that the saliva is of service in the conversion 
of food into chyme as well-as the gastric juice. It evidently 
serves to dilute the food; and probably it may be serviceable 
also by communicating oxygen. 

6. The chyme, thus formed, passes from the stomach into 
the intestines, where it is subjected to new changes, and at. 
last converted into two very different substances, chyle and . 
excrementitious matter. 3 

* Dr. Young. 
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The chyle is a white-coloured liquid, very much resem- abe it. 
bling blood in its properties ; with this difference that the ia scae 
globules which float in it instead of being red as is the case chyle. 

with the colouring globules of the blood, are white. But the 
nature and constituents of chyle have been described in the 
preceding chapter. Dr. Charles Smith, of New Jersey, re- 
lates an instance of a dropsy of the abdomen, in which the 
liquid accumulated appears to have been chyle. The patient, 
a boy twelve years of age, was tapped twice, and each time 
between seven and eight quarts of liquid abtracted. Its co- 
lour was chalky-white, and resembled milk pretty nearly, 
both in its taste, smell, and appearance. On standing a night, 
it threw up a good cream, though not so much in proportion 
as cow’s milk usually does.* 

7. Concerning the process by which chyle is formed from ie Ors 
chyme, scarcely any thing is known. It dees not appear that micai pro- 
the chyme is precisely the same in all animals; for those which **: 
are herbivorous have a greater length of matoaeilie than those 
which are carnivorous. It is certain that the formation of 
the chyle is brought about by a chemical change, although 
we cannot say precisely what that change is, or what the 
agents are by which it is produced. But that the change is 
chemical, is evident, because the chyle is entirely different, 
both in its properties and appearance, from the chyme. The 
chyme, by the action of the intestines, is separated into two 
parts, chyle and excrement: the first of which is absorbed 
_by anumber of small vessels called ducteals ; the second is 
pushed along the intestinal canal, and at last thrown out of 
the body altogether. 

After the chyme has been converted into chyle and excre- 
ment, although these two substances remain mixed together, 
it does not appear that they are able to decompose each other; 
for persons have been known seldom or never to emit any 
excrementitious matter per anum for years. In these, no 
only the chyle, but the excrementitious matter also, was ab- 
sorbed by the lacteals; and the excrement was afterwards 
thrown out-of the body by other outlets, particularly by the 
skin: in consequence of which, those persons have constantly 
that particular odour about them which distinguishes excre- 
ment. Now, in these persons it is evident that the chyle ana 
excrement, though mixed together, and even absorbed to- 


* Phil. Mag. ix, 16. 
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Book V- gether, did not act on each other; because these persons have 
been known to enjoy good health for years, which could not 
have been the case had the chyle been destroyed. | 

Use of the It has been supposed by some that the decomposition of 
ae the chyme, and the formation of chyle, is produced by the 
agency of the bile, which is poured out abundantly, and mixed. 
with the chyme, soon after its entrance into the intestines. 
If this theory were true, no chyle could be formed whenever 
any accident prevented the bile from passing into the intes- 
tinal canal: but this is obviously not the case; for frequent 
instances have occurred of persons labouring under jaundice, 
from the bile ducts being stopped, either by gall-stones or 
~gome other cause, so completely, that no bile could pass — 
into the intestines; yet these persons have lived for a con- 
siderable time in that state. Consequently digestion, and 
therefore the formation of chyle, must be possible, independent 
of bile. | 
The principal use of the bile seems to be to separate the 
excrement from the chyle, after both have been formed, and 
to produce the evacuation of the excrement out of the body. 
It is probable that these substances would remain mixed to- 
gether, and that they would perhaps even be partly absorbed 
together, were it not for the bile, which seems to combine 
with the excrement, and by this combination to facilitate its 
separation from the chyle, and thus to prevent its absorption. 
Fourcroy supposes that the bile, as soon as it is mixed with 
the contents of the intestinal canal, suffers a decomposition: 
that its alkali and saline ingredients combine with the chyle, . 
and render it more liquid, while its albumen and picromel 
combine with the excrementitious matter, and gradually ren- 
der them less fluid.* From the experiments of Berzelius on — 
feces, detailed in the preceding chapter, it cannot be doubted 
that the constituents of the bile are to be found in the excre- 
mentitious matter: so that the ingenious theory of Fourcroy 
is so far probable. The bile also stimulates the intestinal 
canal, and causes it to evacuate its contents sooner than it 
otherwise would do; for when there is a deficiency of bile the 
body is constantly costive. | 
Chyle mixes 8. ‘The chyle, after it has been absorbed by the lacteals, is 
with lymph, ° : 
carried by them into a pretty large vessel, known by the name 
ef the thoracic duct.. Into the same vessel likewise is dis- 


* Fourcroy, x. 48. 
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«charged a transparent fluid, conveyed by a set of vessels which Cbep. m. 
Neen patent 


arise from all the cavities of the body.. These vessels are 
called lymphatics, and the fluid which they convey is called 
lymph. In the thoracic duct, then, the chyle and the lymph 
are mixed together, piso 

Very little is known concerning the nature of the lymph, 
as it is scarcely possible to collect it in any quantity. It is 
colourless, has some viscidity, and is said to be specifically 
heavier than water. Mr. Brande found that it did not coagu- 
late when heated, but he separated albumen by means of the 
galvanic battery.. He found in it also some common salt ; but 
no iron From the observations of Berzelius, it is probable 
that it contains the lactates. It is said to be coagulable by 
heat: if so, it contains albumen. Its quantity is certainly 
considerable, for the lymphatics are very numerous. 


9. The chyle and lymph being thus mixed. together, ATE And fe con- 


conyeyed directly into the blood vessels. The effect produce 
by their union in the thoracic duct is not known, but neither 
the colour nor external properties of the chyle are altered. 
In man, and many other animals, the thoracic duct enters at 
the junction of the. left subclavian and carotid veins, and the 


lungs. 


chyle is conveyed directly to the heart, mixed with the blood, | 


which already exists in the blood vessels. _ From the heart, the 
blood and chyle thus mixed together are propelled into the 
lungs, where they undergo farthér changes. 

10. The stomach and intestines usually contain some gase- 
cous matters. Indeed it is probable that common air is swal- 
lowed along with the food. But from the experiments of 
Magendie and Chevreul there is reason to believe, that the 
oxygen gas which usually exists in the stomach in a consider- 
able proportion when compared with the other gases, gra- 
dually diminishes, and at last disappears as we proceed along 
the course of the alimentary canal; while at the same time, 
the proportion of carbonic acid gas and of hydrogen gas in- 
creases. ‘They examined the gaseous contents of the stomach 
and intestines of four criminals executed in Paris, very soon 
after death. ‘The results were as follows: 


* Phil. Trans, 1812, p. 97. 
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1. Gases in the stomach. 


Oxygen... sees ees FL00 
Carbonic acid ...... 14°00 
Hydrogen ......... 3°55 


Azote es We Waees i714 


} 100-00 
2, Gases in the small intestines. 
Oxygen ....+. 0°00 .... 0°00 .... 00 
Carbonic acid... 24°39 .... 40°00 .... 25°0 
Hydrogen .... 55:53 .... 5115 .2.. 8% 
Azote eeeev0ee4ed 20°08 @eee 8°85 e9e0°e 66°6 
100°00 100°00 100°0 
$. Gases in the large intestines. 
Oxygen coccececseseceres O'700 «46. O0°0 
Carbonic acid ......eseeee 43°50 «2. 70°0 
Hydrogen and pert i. 
hydrogen ...... ap 547 | 11°6 
Azote @eeeoqgeoeeseeopeeaenae ee Qqgeeeee 51°03 18°4 
100°00 100°0 
4. Gases in the coecum. 
Oxygen ceceseeseses 00 
Carbonic acid ...... 12°5 
Hydrogen .....+-+.2 75 
Carburetted hydrogen. 12°5 
TOUR oe hs ate ts aik's ae 67°5 
100°0 
5. Gases in the rectum. 


Oxygen ..sceseeese 0:00 


Carbonic acid ...... 42°86 
Carburettedhydrogen 11°18 
AZOLE}. Wan Keates so EG 


100°00 


* 


Such are the phenomena of digestion, as far as they have 
been traced. The food is first conveyed to the stomach, 


* Ann. de Chim. et Phys. 11. 292. 
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where, by means of the gastric juice, it is converted into chap. ut. 
chyme. The chyme passes into the intestinal canal, where ~~ 
it is subjected to a new process, being gradually decomposed 

and converted into chyle and excrementitious matter, which, 

by means of the bile, are separated from each other. The 
excrementitious matter is evacuated, but the chyle is absorbed 

by the lacteals, and conveyed to the blood vessels and lungs. 

Let us now endeavour to trace the changes produced on it 

by these organs. 


SECT. II. 
OF RESPIRATION. 


THE absolute necessity of respiration, or of something ana~ Respiration 
logous, is known to every one; and few are ignorant that in "ces: 
man, and hot blooded animals, the organ by which respira- 
tion is performed is the lungs. Now respiration consists in 
drawing a certain quantity of air into the lungs, and throwing 
it out again alternately. Whenever this function is suspended, 
even for a very short time, the animal dies. 

The fluid respired by animals is common atmospherical air; 
and it has been ascertained by experiment, that no other 
gaseous body with which we are acquainted can be substituted 
for it. All the known gases have been tried; but they all 
prove fatal to the animal which is made to breathe them. 
Gaseous bodies, as far as respiration is concerned, may be 
_ divided into two classes: 1. Unrespirable gases; 2. Respi- 
rable gases. 

I. The gases belonging to the first class are of such a na- Unrespir- 
ture that they cannot be drawn into the lungs of animals at °° ""™ 
all; the epiglottis closing spasmodically whenever they are 
‘applied to it. T’o this class belong carbonic acid, and pro- 
bably all the other acid gases, as has been ascertained by the 

experiments of Pilatre de Rozier.* Ammoniacal gas belongs 


* Jour. de Phys. xxviii. 418. Pilatre de Rozier went into a brewer's 
tub while full of carbonic acid gas evolved by fermentation. <A gentle heat 
manifested itself in all parts of his body, and occasioned a sensible perspi- 
ration. A slight itching sensation constrained him frequently to shut his 
eyes. When he attempted to breathe, a violent feeling of suffocation pre- 
vented him. He sought for the steps to get out; but not finding them 
readily, the necessity of breathing increased, he became giddy, and felt a 
tingling senation in his ears. As soon as his mouth reached the air he 
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—\— were found by Pilatre not to give a green colour to vegetable: 


Respirable 
gases, of 
four kinds. 


4. Suffocate. 


2. Kill by 
occasioning 
changes in 
the blood. 


3. Support 
tife imper- 
fectly. 


4, May be 
breathed 
without in- 
jary. 
Oxygen ne= 
eessary in 
respiration. 


blues.* | : 

II. The gases belonging to the second class may be drawn 
into the lungs, and thrown out again without any opposition 
from the respiratory organs; of course the animal is capable 
of respiring them. ‘They may be divided into four subordi- 
nate classes: 1. The first. set of gases occasion death imme- 
diately, but produce no visible change in the blood. They 
occasion the animal’s death merely by depriving him of air, 
in the same way as he would be suffocated by being kept under 
water. The only gases which belong to this class are hydrogen 
and azotic. 2. The second set of gases occasion death im- 
mediately, but at the same time they produce certain changes in 
the blood, and therefore kiil not merely by depriving the 
animal of air, but by certain specific properties. The gases 
belonging to this class are carburetted hydrogen, sulphuretied 
hydrogen,+ carbonic oxide, and perhaps also nitrous gas. 
3. The third set of gases may be breathed for some time with- 
out destroying the animal, but death ensues at last, provided 
their action be long enough continued. To this class belong 
the nitrous oxide and oxygen gas.{ 4. The fourth set may be 
breathed any length of time without injuring the animal. 
Air is the only gaseous body belonging to this class.§ 

It has been long known that an animal can only breathe a 
certain quantity of air for a limited time: after which it be- 
comes the most deadly poison; and produces suffocation as 
effectually as the most noxious gas, or a total absence of air. 
It was suspected long ago that this change is owing to the 


breathed freely, but for some time he could not distinguish objects; his 
face was purple, his limbs weak, and he understood with difficulty what 
was saidto him. But these symptoms soon left him. He repeated the 
experiment often; and always found, that as long as he continued without 
breathing, he could speak and move about without inconvenience; but 
whenever he attempted to breathe, the feeling of suffocation came on. 
Ibid. p. 422. 

# Jour. de Phys. xxviil. 424. . 

+ See Chausier’s experiments, ibid. lvi. 35. 

+ Perhaps also nitrous gas might have the same effect, if it could be 
breathed by an animal whose lungs contained no oxygen. 

§ For by far the completest account of all the experiments hitherto made 
on the respiration of animals, the reader is referred to Dr. Bostock’s excel~ 
lent Essay on Respiration. Nor are the clearness, impartiality, and solid 
judgment of this author inferior to the extent of his information. 
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absorption of a part of the air; and Mayow made a number chap. mm. 
of very ingenious experiments in order to prove the fact. In “~~ 


1757 Dr. Black, by breathing through lime-water, ascertained 
that the air, when thrown out of the lungs, contained car- 
bonic acid.* This discovery was still farther confirmed by 
Lavoisier in his first dissertation on respiration, published in 
the Memoirs of the French Academy for 1777. Priestley 
and Scheele demonstrated that the quantity of oxygen in at- 
mospherical air is diminished by respiration. It was after- 
wards proved by Lavoisier, and many other philosophers, 
who confirmed and extended his facts, that no animal can 
live in air totally destitute of oxygen. Even fish, which do 
not sensibly respire, die very soon if the water in which they 
live be deprived of oxygen gas. Frogs, which can suspend 
their respiration at pleasure, die in about forty minutes, if 
the water in which they have been confined be covered’ over 
with oil.+ Insects and worms, as Vauquelin has proved, ex- 
hibit precisely the same phenomena. They require air as well 
as other animals, and die like them if they be deprived of it. 
They diminish the quantity of oxygen in the air in which they 
live, and give out, by respiration, the very same products as 
other animals. Worms, which are more retentive of life than 
most other animals, or at least not so much affected by poi- 
sonous gases, absorb every particle of the oxygen contained 
in the air in which they are confined before they die. Mr. 
Vauquelin’s experiments were made on the gry/lus viridissimes, 
the limax flavus, and helix pomatia.t 

The quantity of air respired differs very much in different 
animals. Man and hot-blooded animals are under the ne- 
cessity of breathing constantly; whereas amphibious animals 
have a certain power over respiration, and can suspend the 
function altogether for a limited time. Dr. Barclay has as- 
certained that these animals acquire a much greater command 
over their respiratory organs by habit. Fish do not breathe 
at all, and consume so little air, that the small portion of it 
held in solution by the water in which they swim is sufficient 
for them. ‘It appears that the number of respirations made 
in a given time differ considerably in different men. Dr. 
Hales reckons them at 20 in a minute. A man on whom 


* Black’s Lectures, ii. 87. 
+ Carradori, Ann. de Chim, xxix. 171. 
$ Ann. de Chim. xii. 278. 
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Dr. Menzies made experiments, breathed only 14 times in a 
minute. Sir H. Davy informs us that he makes between 26 


respirations and 27 in a minute. I myself make about 19 at an average. 


Quantity of 


air respired, 


The average of all is 20. Now 20 ina minute'make 58,800 
in 24 hours. 

The quantity of air drawn in and emitted at every respira- 
tion must differ considerably with the size of the man and the 
capacity of his lungs. Dr. Menzies found that'a man draws 
in at a medium 40 cubic inches of air at every inspiration. 
Dr. Goodwin has concluded, from his experiments, that, after 
a complete expiration, the mean quantity of air which remains 
in the lungs amounts to 109 cubic inches ; and Menzies has 
endeavoured to prove that, after an ordinary expiration, there 
remains 179. Davy has concluded that his lungs, after a 
forced expiration, still retain 41 cubic inches of air; after a 
natural expiration they contain........ 118 cubic inches. 
After a natural inspiration............ 135 - 

After a forced inspiration .........06. 254 


By a full forced inspiration, after a forced inspiration, he 
Wivew alte toe cee eS e esc ves ne LOU CUUIC TiCHes. 
After a natural inspiration..........+- 78°5 
After a natural expiration .........+.. 67°5 


Messrs. Allen and Pepys have calculated, that, in an or- 
dinary inspiration, 16°5 cubic inches of air are drawn into 
the lungs. In their experiments the average quantity of air 
thrown out of the lungs in an expiration amounted to 61 cubic 
inches, but the breathing was much fuller and slower than 
usual. In one case a forced expiration amounted to 166 
cubic inches; in another to 204 cubic inches. From the ex- ° 
periments of the same gentlemen it appears, that the lungs of 
a stout man, about five feet ten inches high after death, con- 
tain nearly 100 cubic inches of air.* 

Dr. Menzies’ estimate of an ordinary inspiration seems to 
approach nearest the average; but Dr. Bostock has shown 
that his estimate of the capacity of the lungs is too low. 
Perhaps we shall not err very much if we suppose, with him, 
that the ordinary quantity of air contained in the lungs is 
280 cubic inches; and that 40 inches, or 4th of the whole, 
is drawn in and thrown out at every ordinary respiration. 
This, supposing 20 respirations in a minute, will make the 


. Phil. Trans.-1809, 
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quantity of air drawn in and thrown out of the lungs every chap. ut. 
minute amount to 800 inches; to 48,000 inches in the hour; -—~—~ 
and to 1,152,000 inches in 24 hours, which amounts to rather 

more than 521 lbs avoirdupois. If this estimate is too high, 

it is probably at least as near the truth as that of Allen and 

Pepys, which appears as much too low. 

Let us now endeavour to trace the changes produced by 
respiration. ‘These are of two kinds, namely, 1. ‘The changes 
produced upon the air respired; 2. Changes produced upon 
the blood exposed to this air. Each of these naturally claims 
our attention. 

I. For our lesenalietbe of the changes produced upon the changes 
air by respiration, we are chiefly indebted to Priestley, Cigna, youd 
Menzies, Lavoisier, and Seguin, Davy, Allen, and Pepys. spited. 
These changes are the following: 1. Part of the oxygen of 
the air respired disappears; 2. Carbonic acid gas is found in 
its place; 3. It is loaded with water in the state of vapour. 

1. A considerable number of experiments have been made change of 
to determine the change of bulk which air undergoes by be- 
ing respired. According to Davy, air, by a single inspiration 
and expiration, is diminished from th to =4 pe part of its 
bulk.* In the numerous and accurate experiments made by 
Allen and Pepys on a very large scale, the average diminution 
was little more than half a per cent., and even this seems to 
have been owing rather to unavoidable inaccuracy than to 
real absorption. In the experiments of Berthollet, conducted 
also with very great care, the diminution varied from 0°69 
to 3°70 per cent.t If, with Dr. Bostock, we take ,\,th as the 
average diminution, and 40 inches as the quantity of air drawn 
into the lungs at each inspiration, then it will follow that half 
a cubic inch of the air disappears each time we respire. | This 
in a day wouldj;amount to 14,400 cubic inches, which is rather 
more than eight cubic feet. 

When air is breathed till the animal can support it no 
longer, the diminution which it undergoes is variously stated. 

Davy found it to amount to =!,th of the whole air; { Lavoisier 
‘and Goodwyn to ~;th; § Allen and Pepys to +;th; || and 
Crawford,** on the other hand, found no diminution at all. 
‘These numbers vary so much from each other, and from the 
estimate from a single respiration, that it is impossible to avoid 


4 Davy’s Researches, p. 435. + Mem. d’Arcueil, ii. 461. 
} Davy’s Researches, p. 431. : Bostock on Respiration, p. 87. 
| Phil. Mag. xxxiti. 254. ** Crawford on Heat, p. 146. 
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concluding the diminution to be different at different times: 
I was induced by a letter from Mr. Dalton, in the summer of 
1806, to make some experiments on the subject. In some 
cases I could perceive no diminution at all; in others it was 
perceptible. It was greatest when the animal was taken out 
repeatedly during the experiment, or when air was employed 
which was purer than that of the atmosphere. I am dis- 
posed to consider this diminution as accidental, and owing to 
some absorption of air altogether independent of respiration, 
and exceedingly various in different circumstances. 

2. When the air drawn into the lungs is thrown out again, 
it is found deprived of a portion of its oxygen. Various ex- 
periments have been made to ascertain how much of this 
principle is lost by respiration in a given time; but they by 
no means correspond with one another. Indeed, it is ex- 
tremely probable, if not absolutely certain, that the degree of 
effect which the same animal produces upon the air respired 
differs materially at different times, and in consequence of 
different circumstances. Nothing therefore beyond an ap- 
proximation can be expected from our experiments on this 
function. 

Dr. Menzies was the first who attempted to ascertain the 
quantity of oxygen consumed by a man ina day. According 
to him, 36 inches are consumed ina minute, and of course 
51,840 inches in 24 hours.* ‘This estimate exceeds that ob- 
tained by Lavoisier and Davy from their experiments. La- 
voisier and Seguin estimate the quantity of oxygen consumed 
by a man in 24 hours at 46,037 cubic inches, and this nearly 
coincides with the result which Lavoisier obtained from his 
last experiments, in which he was occupied when he was 
dragged to the place of execution. With this also the expe- 
riments of Davy coincide very well. He calculates that 31°6 
inches of oxygen are consumed in’ a minute, which, in 24 
hours, makes 45,504 inches.+ This coincidence would dis- 
pose us to embrace this result as affording a near approxima- 
tion to the truth. 'We may conclude, then, that in a day 
a man consumes rather more than 25 cubic feet of oxygen. 
Now, since the oxygen amounts only to about one-fifth of the 
atmosphere, it follows, that in a day, a man destroys, or 
renders unfit for supporting combination and respiration, no 
less than 125 cubic feet of air. ‘The result obtained by 


* Bostock on Respiration, p. 81. t Davy’s Researches, p, 433. 
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Messrs. Allen and Pepys is somewhat less, or about 27-5 cubic 
inches per minute. And they think that in ordinary respira- 
tion the proportion consumed is much smaller. 

3. The air which is thrown out of the lungs contains in it 
a quantity of carbonic acid which did not exist in it previous 
to its being used for respiration. Dr. Menzies conceived that 
the bulk of this gas is precisely equivalent to that of the oxy- 
gen consumed. This also was the result of the experiments 
of Dr. Crawford. Lavoisier, in his experiments on the Guinea 
pig, found it somewhat less. In his first experiment he 
found the oxygen consumed, to the carbonic acid formed, as 
20 to16°5; in his second, as 20 to17°3.* In his experiments 
on Seguin, in 1789, the oxygen consumed was to the bulk of 
carbonic acid formed nearly as 20 to 16°6; but in those that 
were made afterwards, the proportion of carbonic acid is di- 
minished by uearly one-half. In Davy’s experiments, the 
bulk of carbonic acid formed corresponded very nearly 
‘with that of the oxygen consumed ; + so that in this respect 
they coincided with those of Crawford and Menzies. I was 
informed by Mr. Dalton, in the summer of 1806, that he had 
satisfied himself, by a variety of experiments, that the bulk of 
carbonic acid gas formed was exactly equal to that of the 
oxygen gas consumed. On repeating the experiment with 
that particular view, I found that in some cases this. took 
place very nearly ; but upon the whole, the bulk of oxygen 
which disappeared was somewhat greater than that of the 
carbonic acid formed; but the difference varied considerably, 
and kept pace with the diminution of the bulk of air by re- 
spiration. Hence I consider it as owing to the abstraction of 
a part of the air by some other way than respiration. If 
this abstraction be allowed for, I have no doubt, from my own 
experiments, that the bulk of the carbonic acid formed by 
“respiration is precisely equal to that of the oxygen which has 
disappeared. ‘The absolute quantity it is difficult to state, as 
it depends upon a variety of circumstances. I am disposed 
to consider it, at an average, as approaching to 40,000 cubic 
inches in 24 hours, though probably somewhat under that 
quantity. Now, this quantity of carbonic acid contains little 


* See the details, Mem. Par. 1780, p. 401; ‘Ann. de Chim. v, 261 3 and 
in Bostock on Respiration, p. 79. 
+ Davy’s Researches, ‘p. 431. 
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Azote. 


Messrs. Allen and Pepys found the carbonic acid formed 
exactly equal in bulk to the oxygen which had disapeared. 
It amounted in their experiments to about 27}. cubic inches 
per minute, or 39,534 eubic inches in 24 hours, a quantity 
which contains about 11 ounces troy of solid carbon. Air 
thrown out of the lungs contained in their experiments about 
8 per cent. of carbonic acid gas. In Berthollet’s experi- 
ments, the carbonic acid gas formed varied from 5°53 to 13°82 
per cent. But the animal was confined for several hours in 
the same air.* ? 

4. Dr. Priestley concluded from the experiments, that not 
only the oxygen, but the azote also, of the air respired was 
diminished.f This opinion was still farther confirmed by 
Davy, who found the consumption of azote to amount to 
about ith of that of the oxygen.{ Dr. Henderson has made 
experiments with the same result, though the proportion of 
azote absorbed was rather less.6 Upon repeating these expe- 
riments, I found likewise a loss of azote: but it was extremely 
inconstant, sometimes being scarcely perceptible, and at other 
times considerable. It kept pace with the diminution of the 
bulk of the air srespired, and with the difference between the 
bulk of the oxygen consumed and the carbonic acid formed. 
Hence I am disposed to ascribe all these differences to the 
same cause. I conceive that a portion of the air respired dis- 
appears without undergoing any change, and that this portion 
occasions the diminution of the azote, and the difference be- 


tween the bulk of the carbonic acid formed and the oxygen 


consumed. What comes of this portion of air it is difficult to 
say; but I think it conceivable that the disappearing of such 
a portion may be confined to the unnatural circumstances oc- | 
casioned by the experiment; that the difficulty of throwing 
out the air from the lungs in these circumstances may be such 
as to induce absorbents to act, and remove a portion which, 
in the ordinary situation of the lungs, would have been thrown | 
out by expiration. Messrs. Allen and Pepys, in all their 

experiments, found no change in the azote, and no absorption — 
of it whatever. Hence it is probable that the diminution for- — 
merly observed may have been owing to errors in the experi- — 


* Mem. d’Arcueil, ii. 461. + Priestley, ii. 380. 
t Davy’s Researches, p. 433. § Nichelson’s Jour, vill. 44. 
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ments. Berthollet found the proportion of azote to increase a Chap. Ut, 


little instead of diminishing, which he ascribes to the increased 
bulk of the air from moisture and heat. 

5. Dr. Prout has shown by a number of well-conducted ex- 
periments on himself, that the proportion of carbonic acid 
formed at each inspiration is different at different periods of 
the day. It is at its maximum nearly about noon, and is at 


its minimum about midnight. It appears farther. from his- 


trials that the quantity of carbonic acid gas in expired air 
begins to increase nearly at twilight. The following table 
exhibits the proportion per cent. of carbonic acid in the air 
expired from his lungs during every hour of the day. The 
experiments from which it was deduced were made in August.* 


Hour Carbonic . Hour Carbonic 
A.M. acid per cent. P.M. acid-per cent, 
6 e 2s ®@@eee¢ee 3°43 a eoee? 2. @e#@ 6 @eeo8se# 2 ° e 3°40 


J Ap th hat: SHOU eta se deen 7) pes enee e OG 
D deicttae is ODO py eattingds 18 say ¢ sauce AS 
Dat alg OOOr eset ote e ee at ect 44. 5:80 
WO ard pepe tho lye ten LO ein eee esb BP 
PE ols hd Sekt De Vai win la eb Ld. teak Oe Ie ao 
TZ weeeeess 10 ceseseseee 12 eeesaces 3°30 
| REIS AN Gi) Li Ses HMR OER ai INS I iil Ageing 28:74 
Dey ae a ty te ids alghis's 20 
genes ca nO dials gar) wend ARETE 
te AE Bey ae IA by PREM Se 
Ber Ee AS Teo a Na o 84 bt tine SOB 


1 oo b 


Qemerw ay 


Mean 3°45 © 


Dr. Prout found that alcohol and all fermented liquors dimi- 
nished the proportion of carbonic acid formed by respiration, 


and this was confirmed by the experiments of Dr. A. Fyfe. . 


‘They found likewise that when the constitution is affected by 
mercury, the proportion of carbonic acid gas in the air ex- 
pired is diminished. Dr. Fyfe found that the quantity was 
likewise diminished by a course of nitric acid, and by a vege- 
‘table diet.’ 


6. It is not so easy to determine the proportion of water Water 
emitted. 


emitted from the lungs mixed with the air expired, .as it is 
that of the carbonic acid. According to the experiments of 


* Annals of Philosophy, ii, 328, and iv. 331. > Ibid. iv. 334, 
VOL. IV. 2k 
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Dr. Hales, it amounts in a day to 20°4 0z;* but his method 
was not susceptible of great accuracy. Mr. Lavoisier, on the 
other hand, estimates it rather higher; but the proportion 
seems rather to have been the result of calculation than of 
any direct measurement. The result of a few trials which I 
made during the summer of 1806, gave me very nearly 19 
ounces per day as the quantity emitted from my own lungs; 


but I do not lay much stress upon the results, as they were. 


not sufficiently varied to give a fair average; but I think it 
worth while to mention the method I followed, on account of 
its simplicity. I filled a glass with water, and then by breath- 


ing on it, and gradually raising its temperature till the vapour: 


of the breath just ceased to be condensed, I ascertained the 
force of the vapour contained in the air respired from Mr. 
Dalton’s table. Then, ascertaining the force of vapour in 
the atmosphere at the time, and subtracting it from the force 
of the vapour in the breath, I obtained the force of the vapour 
actually emitted from the lungs. Supposing 40 inches of air 
to be drawn in at each inspiration, it was easy to calculate, 
from Dalton’s table, the weight of the vapour which it con- 
tained when emitted. 

7. In ordinary cases of respiration, the oxygen, which dis- 
appears, is just balanced by the carbonic acid formed, so that 
the bulk of the air continues unaltered: but it appears from 
the experiments of Messrs. Allen and Pepys, that when the 
same quantity of air is breathed backwards and forwards as 
long as possiblé,'a greater quantity of oxygen disappears than 
can be accounted for by the carbonic acid formed. ‘This oxy- 
gen is absorbed by the system. It diminishes the bulk of 


the air respired, and amounts to about +,th of the whole air _ 


respired at an average. 

8. When oxygen gas, nearly pure, is breathed, rather a 
greater quantity of carbonic acid is given out; for the air ex- 
pired contains, at an average, above ten per cent. of that gas. 
It appears also from the experiments of Messrs. Allen and 
Pepys, that a portion of the oxygen gas disappears, and then 


an equal bulk of azotic gas is found in its place. ‘This sub- 
stitution of azote is greater at the commencement of the ex- 


periment, and diminishes as the respiration continues. It is 
difficult at present to account for this substitution. The 


* Veget. Stat, ii. 327, 
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quantity observed, amounting at an average to nearly 80 Chap. II. 
cubic inches, is too great. to ha ascribed to an error in the 
experiment. It can only be fully accounted for when we 
become acquainted with the composition of azote; which is 

de unknown. 

. When an animal is made to breathe a mixture of 79 hy- fa mix- 
oe gas and 21 oxygen gas, the respiration goes on with- Ale eae 
out any inconvenience; carbonic acid gas is for Bes as. usualy“ieom 
and at the same time a portion of the oxygen disappears, and 
azote is found in its place. ‘This mixture has a sedative effect, 
and makes the animal sleepy. It appears probable, from the 
observations of Messrs. Allen and Pepys, that during sleep 
the quantity of carbonic ,acid formed is less than when the 
animal is awake. 

10. A great number of exper iments have lately bee made enti 
on the respiration of fishes by Provencal and Humbodlt.* Ip ° 0" 
is well known that these animals require oxygen gas as well 
as other animals, and that if the water in which they are be 
deprived of the whole of its air, they die very speedily. Pro- 
‘vengal and Humboldt employed for their experiments. the 
water of the Seine. ‘They separated the air from a quantity 
of it by boiling, and subjected it to a chemical analysis. Into 
another ven tity of the same water, tenches were put and con- 
fined for several hours till they began to suffer; they were 
then withdrawn, and the air separated from the water in 
which they had lived, and subjected it to chemical ana- 

lysis. In every case a portion, both of oxygen arid azote had 
disappeared, and a quantity of carbonic acid had heen formed. 
The following table exhibits the results of a variety of their 
experiments : " 


* Mem, d’Arcueil, il, 259. 
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UJ a 
‘6 The fisheshavel = |= 3 
i ° te be 
ba : no 3 
w S eS lsZ 
Nature of the | & = i bp a Number of 
i=) e Z i ry fered =| 1 ze 
gases. 3 5 g s “ 2% : Se z fishes and time 
i} @ ue 3 ¥ = b= 
os | . a +k eae fg 
Pa 4 & 2 a NP laos 
Os =) Q < om qo |jOSs 
Total..........| 175°0 | 135°1 | 39> — — |e me 
Oxygen eeveteoe 52:1 5°6 ae A6°5 we (ey i, rin, oo 
Azote scvistAIBiOd: OBG1, ausisf 9019 °C. fovae 4 coe) | Aerie P hontte 
Carbonicacid..| 7:0) 33°77) — — | 2T] — ph , ; 
Total. (i iss6 i204 524-0 404°0 119°6 rs i, — i, ae 
Oxygen ......., 1559] 440); — |1119) — —_ — | Seven  tenches 
Azote ......-. (3471 | 2495 | — | 9T6) — 87 80 | during 6 hours. 
Carbonic acid..| 21:0} 1109| — oe 899; — — 7 
Lt cc Sore aren 524-0 45:0 T1° ear i == oases 
Oxygen .......| 1559] 10°53) —= | 1454, — — — {Seven tenches 
Azote .....0004| 347°1 | 289°5| — | 5776); — | 40 | 91 | during 8 hours. 
Carbonic acid..| 21:0} 153:0| — — 11320; — — | 
Total. . ssctn | vs A483°0 | 345°5 | 1387°5 | — — — — 
Oxygen .......| 143°7 4:2} — |139°5) — — — | One tench dure 
Azete ..... eee | 320:0] 2941) — 259} — 19 — | ing 17 hours. » 
Carbonic acid,.; 19°38} 47°2) — or 279) — 20 
Total. eevees ne 483-0 408°0 5° aa { vee oes — Ty ‘ 
Oxygen iis ddee Lahee Leesa Bhd el tet ei nea itd 
Azote .........| 3200 | 285-4] — | 346) — | 43 | — |yo8 
Carbonic acid..| 19°3] 60°0{| — ~— 40-7) — 50 i 
Total.) ........| 4830] 398°6 | 844) — | — J — | = 
Oxygen .......| 143°7 | 40°00] — 03°T| — _— — | Three tenches 
Azote .......,.|320°0 | 2466| — IZA} — 71 — | during 5 hours. 
Carbonic acid..| 19°3}112°0; — _ 92-7 | — 89 
Total <.s4; 0,1 483-0 | Gie'od TIGR at ed ee ee | 
Oxygen .......|1437| 378| — | 1059] = is pre. ee 
Azote ......24- 320-0 | 252-9] — | etl] — | 63 | — | NB” 
Carbonic acid..| 19°3| 81°38} — — 62°55}; — 59 ‘ 


The quantity of gas obtained from the Seine water, was 
at an average 0°0275 of its bulk, or not quite 5}; part; the 
average quantity of oxygen which this gas contained was 
0°310. 

From these experiments it appears, that the respiration of 
fishes differs very much from that of other animals. The 
oxygen is not merely converted into carbonic acid, as hap- 
pens during the respiration of men and the larger animals ; 


* The numbers in this table indicate cubic centimetres. A cubic cen- 
timetre is equal to 0°0610 of a cubic inch. 
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but a portion of it is absorbed and introduced into the system. 


_ A portion also of azote is absorbed. The quantity of air con- 


sumed by fishes is extremely small, when compared with that 
consumed by terrestrial animals. This will appear from the 
following table, in which the bulk of the air consumed, and of 
the carbonic acid formed in an hour, is stated in cubic inches. 
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From this table,"compared with the facts stated in the pre- 
ceding part of this section, it follows, that in a given time a 
man consumes 50,000 times as much oxygen gas as a tench. 
Yet the presence of this principle is equally necessary for the 
existence of both. 

Il. Let us now endeavour to ascertain the changes pro- 
duced on the blood by repiration. The whole of the blood is 
propelled from the heart to the lungs, circulates through the 
vessels of that organ; and during that circulation it is ex- 
posed to the influence of the air which the animal is con- 
stantly drawing into the lungs. Now, certain changes are 
produced upon it by this action, which have been partly 
traced by the experiments of Priestley, Cigna, Fourcroy, 
Hassenfratz, Beddoes, Watt, and above all by those of Davy. 
These changes, as far as we are acquainted with them, are the 
following: 1. It acquires a florid red colour, and the chyle 
disappears; 2. It loses a portion of carbon; 3. It emits water. 

1. It has been long known that the blood which flows in 
the veins is of a dark reddish purple colour, whereas the arte- 
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rial blood is of a florid scarlet colour. Lower observed that 
the colour of the venous blood was converted into that of ar- 
terial during its passage through the lungs. No chyle can be 
distinguished by its white colour in the blood after it has 
passed through the lungs. The changes, then, which take 
place upon the appearance of the blood are two: 1. It acquires 
a florid red colour: 2. The chyle totally disappears. Lower 
himself knew that the change was produced by the air, and 
Mayo attempted to prove that it was by absorbing a part of 
the air. But it was not till Dr. Priestley discovered that 
venous blood acquires a scarlet colour when put in contact 
with oxygen gas, and arterial blood a dark red colour when 
put in contact with hydrogen gas; or, which is the same thing, 
that oxygen gas instantly gives yenous blood the colour of ar- 
terial; and hydrogen,‘on the contrary, gives arterial blood the 
colour of venous blood—it was not till then that philosophers 
began to attempt any thing like an explanation of the pheno- 
mena of respiration. 

‘Ihe blood is a fluid of so complex a nature that it is not 
easy to ascertain the changes produced in it by exposure to 
dificrent gases out of the body; and even if that could be 
done, we have no method of proving that the effects of these 
gaseous bodies upon the coagulated blood are the same as 
they would be on the blood in its natural state, circulating in 
the vessels of a living animal. The facts which have been 
ascertained are the following: | 

Ist. It appears from the experiments of Priestley, Girtanner, 
and Hassenfratz, that when venous blood is exposed to oxygen 
gas confined over it, the blood instantly assumes a scarlet 
colour. Davy could not perceive any sensible diminution of 
the bulk of the gas. if Bye | 

2d. The same change of colour takes place when blood is 
exposed to common air. In this case a quantity of carbonic 
acid gas is formed, and a quantity of oxygen gas, exactly equal 
to it in bulk, disappears; making allowance for the small 
quantity of carbonic acid, which we may suppose to be ab- 
sorbed by the blood itself. 

3d. Venous blood exposed to the action of azotic gas con- 
tinues unaltered in colour; neither does any perceptible dimi- 
nution of the gas ensue. 

4th. Venous blood exposed to the action of nitrous gas 
becomes of a deep purple, and about 1th of the gas is ab- 
sorbed. | 7 : 
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5th. Venous blood exposed to nitrous oxide becomes of a Chap. ur. 
brighter purple, especially on the surface, and a considerable 5, nittous 
portion of the gas is absorbed. oxide, 
6th. Venous blood exposed to carbonic acid gas becomes 6. Carbonie 
of a brownish-red colour, much darker than usual, and the gas ie 
is slightly diminished in bulk. 
7th. Carburetted hydrogen gas gives venous blood a fine red 7. carbu- 
colour, a shade darker than oxygen gas does, as was first ob- Groren 
served by Dr. Beddoes, and at the same time a small portion , 
of the gas is absorbed. This gas has the property of prevent- 
ing, or at least greatly retarding, the putrefaction of blood, as 
was first observed by Mr. Watt.* 
8th. When arterial blood is put in contact with azotic gas, Arterial 
or carbonic acid gas, it gradually assumes the dark colour of Doshi 
yenous blood, as Dr. Priestley found.} ‘The same philosopher #ti< ana 
also observed, that arterial blood acquired the colour of venous acid ead 
blood when placed in vacuo. Consequently this alteration of 
colour is owing to some change which takes place in the blood 
itself, independent of any external agent. 
The arterial blood becomes much more rapidly and deeply 
dark coloured when it is left in contact with hydrogen gas 
placed above it.§ We must suppose therefore that the pre- 
sence of this gas accelerates and increases the change, which 
would have taken place upon the blood without any external 
agent. ° ty 
9th. If arterial blood be left in contact with oxygen as, it By rest, 
gradually assumes the same dark colour which it would have 
acquired in vacuo, or in contact with hydrogen ; and after this 
change oxygen can no longer restore its scarlet colour.| 
Therefore it is only upon a part of the blood that the oxygen 
acts; and after this part has undergone the change which oc- 
casions the dark colour, the blood loses the power of being 
affected by oxygen. : . 
10th. Mr. Hassenfratz poured into venous blood a quantity ana by 
of chlorine; the blood was instantly decomposed, and as- eatied 
sumed a deep and almost black colour. When he poured 
common muriatic acid into blood, the colour was not altered.** — 
9. Dr. Priestley, the first of the modern chemists who rheory of 
turned his attention to respiration, concluded from some of Pt” 


- 


* Davy’s Researches, p. 330. + Priestley, 11. 363. 
t Priestley, iti. 363, and Ann. de Chim. ix. 269. 
§ Fourcroy, ibid. vil, 149. || Ibid. ix. 268. ** Ibid. 
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Book. his eatliest experiments, that the blood, as it passed through ~ 
~~ the lungs, gave out phlogiston to the air, which was expired 
loaded with that substance ; and of course that the purpose of 
respiration was to free the blood of phlogiston. - Lavoisier 
soon after ascertained with more precision the changes which 
the air undergoes during respiration ; and he formed.a theory . 
in order to explain that function, assuming as its basis that all 
the changes on the air inspired are produced in the lungs; 
and of course, that all the new substances expired are formed 
Moaifea by in the lungs. According to him, the blood absorbs no air in 
Mayokicre the lungs; but it gives out hydrogen and carbon, which, com- 
bining with the oxygen of the air inspired, form water and - 
carbonic acid. ‘This theory was adopted by Laplace, Craw- 
ford, Gren, and Girtanner, with a small variation. Indeed it 
does not differ, except in detail, from the original ‘hypothesis 
of Dr. Priestley, that the use of respiration is to rid the bloud: 
_ of phlogiston; for if we substitute carbon and hydrogen for 
phlogiston, the two theories precisely agree: Mr. Lavoisier 
‘attempted not to prove its truth; he only ‘tried to show that. 
the oxygen absorbed. corresponds exactly with the quantity. 
of oxygen contained in the carbonic acid and the water 
emitted. — ne i WEA 
pe A different theory was afterwards proposed by Mr. De La 
' Grange. According to this philosopher, the oxygen gas, 
which disappears, combines with the blood as it passes through: 
the lungs; and -at the instant of this combination there is set 
free from the blood a quantity of carbonic acid gas and of 
water, which are thrown out along with the air expired. This 
theory was adopted and illustrated by Mr. Hassenfratz. But 
as the carbonic acid formed is exactly equal to the bulk of the 
oxygen which disappears, this oxygen must be changed into: 
carbonic acid in the lungs; for oxygen, when changed into 
carbonic acid, does not sensibly alter its bulk. The. blood, 
then, must emit carbon in the lungs to the extent of about 
$ths of a pound in the day. This, I conceive, is ‘all that 
happens in the lungs.’ The watery vapour, indeed, is doubt- — 
less secreted from the blood to mix with the air inspired ; but 
probably the secretion takes place in appropriate organs. By 
the loss of carbon the venous blood is changed into arterial. 
~The very same thing happens when venous blood is presented 
to the air. | 
Chylecon- ° ‘The change of the chyle into blood, I presume, takes place 
Mesa"? in the blood-vessels. Indeed the blood is a liquid which is 
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constantly running through a suite of otuafizie, Baie it is "Chap. Itt, 
kept of a similar nature only by the constant. influx of new 
matter, which is as constantly manufactured into blood. It 
appears, from the most accurate observations hitherto made, 
that neither chyle nor lymph contain fibrin, which forms a 
very conspicuous part of the blood. This fibrin is employed 
to supply the waste of the muscles;‘the most active parts of 
the body, and therefore in all probability, requiring the most 
frequent supply. Nor can it be doubted that it is employed 
for other useful purposes. “The quantity of fibrin in the blood, 
then, must be constantly diminishing, and therefore new fibrin 
must be constantly formed. But the only substances out of 


which it can be formed are the chyle and lymph, neither of 


which contain it. There must therefore be a continual de- 
composition of the chyle, and lymph going on in the blood- 
vessels, and a continual new fortiation of bry Other sub- 
stances also may be formed; but we are certain that this must 
be formed there, because it does not exist previously. Now, 
one great end of respiration must undoubtedly be to assist 
this decomposition of chyle and complete formation of blood. 

~ In what manner the chyle, or a part of it, is converted into 
fibrin, it is impossible to say: we are not sufficiently ac- 
quainted with the subject*to be able to explain the process. 
But we can see, at Jeast, that carbon must be abstracted from 
that part of the chyle which is to be converted into fibrin. 
Hence, as the process of blood-making advances, there must 
be a greater and greater redundancy of carbon in the liquid. 
Unless this redundancy were removed, the process could not 


_ go on, and probably the whole would run into putrefaction. 


‘gained by respiration: the temperature of all animals aevehas 


‘We may conclude, then, that’ one great use of respiration is 
to abstract this carbon, by forming with it carbonic acid. How 
this is performed, indeed, it is impossible at present to explain ; : 
but the fact is undoubted. - 
But the abstraction of carbon is not the only advantage Asimal 

heat 

upon it. It has been long known, that those animals which 
do hot breathe have a temperature but very little superior to 
the medium in which they live. ‘This is the case with fishes 
and many insects. Man, on the contrary, and the quadrupeds 
which breathe, have a temperature considerably higher than’ 
the atmosphere: that of man is 98°, Birds, wiih breathe 
in proportion a still greater quantity of air than man, have 
a temperature equal to 103° or 104°. It has been proved, 
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that the temper ature of all animals is proportional to the quan- 
tity of air which they breathe in.a given time. 

These facts seem sufficient to demonstrate that the heat of 
animals depends upon respiration. But it was not till Dr. 
Black’s doctrine of latent heat became known to the world, 
that any explanation cf the cause of the temperature of 
breathing animals was attempted. That illustrious philoso- 
pher, whose discoveries form the basis upon which all the | 
scientific part of chemistry has been reared, saw at once the 
light which his doctrine of latent heat threw upon this part 
og. physiology, and he applied it very early to esphan, the 
temperature of animals. 

According to him, part of the latent heat of the air apna 
becomes sensible: and of course the temperature of the lungs, 
and the blood that passes through them, must be raised; and 
the blood, thus heated, communicates its heat to the whole 
body. ‘This opinion was ingenious, but it was liable to an un-- 
answerable objection: for if it were true, the temperature of 
the body ought to be greatest in the lungs, and to diminish 
gradually as the distance from the lungs increases ; which is 
not true. The theory, in consequence, was abandoned 
even by Dr. Black himself; at least he made no attempt to 
support it. 

Dr. Crawford, who considered ali the changes operated by 
respiration as taking place in the lungs, Hers ee for the 
origin of the atina heat almost precisely in the same manner 
santa Dr. Black. According to him, the oxygen gas of the air 
combines in the lungs with ‘the carbon emitted by the blood. 
During this combination, the oxygen gives out.a great quan- 
tity of caloric, with which it had been combined; and this 
caloric is not only sufficient to support the temperature. of the 
body, but also to carry off the new-formed water in the state 
of vapour, and to raise considerably the temperature of the 
air inspired. According to this philosopher, then, the whole 
of the caloric which supports the temperature of the body is 
evolved in thelungs. _His theory accordingly was liable tothe 
same objection with Dr. Black’s; but Dr. Crawford obviated 
it in the following manner: He found that the specific caloric 
of arterial pr was 1°0300, while that of venous blood was 
only 0°8928. Hence he concluded, that the instant venous 
blood is changed into arterial blood, its specific caloric in- 
CYeases 5 consequently it requires an additional quantity of 
caloric to keep its temperature as high as it had been while 
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venous blood. This addition is so oreat that the whole new Ctap. ut. 
Kan, pre! 


caloric evolved is employed: therefore the temperature of the 
lungs must necessarily remain the same as that of the rest of 
the body. During the circulation, arterial blood is gradually 
converted into venous; consequently its specific caloric di- 
minishes, and it must give out heat. This is the reason that 
the temperature of the extreme parts of the body does not 
diminish. 


But this theory, ingenious and plausible as it is, has not. 


been able to stand the test of subsequent investigations. Dr. 
John Davy has shown that the difference between the specific 
caloric of arterial and venous blood is much smaller than Dr. 
Crawford had estimated it. According to Dr. Davy, the 
specific caloric of these liquids is as follows : 


Arterial blood .... 0°913 
Venous blood .... 0°903 


Delaroche and Berard have shown that the specific caloric 
of oxygen gas and carbonic acid gas differs much less than 
Crawford had supposed. According to these philosophers, 
the specific heats of these gases are as follows 


Oxygen gas...... »o+- 0°8848 
Carbonic acid gas..... 0°8280 


. Now such minute differences would hardly admit the appli- 
cation of Dr. Crawford’s explanation. But the most for- 
midable objections result from the experiments of Mr. Brodie. 
He found that when artificial respiration is kept up in the 
lungs of animals, after decapitation, the usual proportion of 
carbonic acid gas is formed, and the circulation continues 


nearly as usual.- Yet in these animals the heat diminishes | 


more rapidly than in a dead animal, in which artificial respira- 
tion is not kept up.* From these experiments Mr. Brodie 
concludes that the production of animal heat ~is owing to the 
action of the brain, and not to respiration. 

think it must be admitted that these experiments have 
entirely destroyed the foundations on which Dr. Crawford’s 


theory was built. But I am disposed to think that Mr. Brodie ~ 


has gone rather too far in his consequences when he conceives 
that respiration has no connection whatever with the produc- 
tion of animal heat. The fact that all animals which respire 


* Phil, Trans. 1812, p. 378. 
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regularly are hot-blooded, while amphibious animals and fishes 
are cold-blooded, seems to me to establish a-connection be- 
tween respiration and heat.. Though we are unable to ex- 
plain in what way the heat is evolved. 


SECT. III. 
OF THE ACTION OF THE KIDNEYS. 


Tuus we have reason to suppose that chyle and lymph 
are converted into blood during the circulation: but besides 
the lungs and arteries, there is another organ, the sole use of 
which is also to produce some change or other in the blood, 
which renders it more complete, and more proper for the 
various purposes to which it is applied, This organ is the 
KIDNEY. | | 

A very great proportion of blood passes through the kid- 
neys; indeed we have every reason to conclude that the whole 
of the blood passes through them very frequently. ‘These 
organs separate the urine from the blood, to be afterwards 
evacuated without being applied to any purpose useful to the 
animal. 

The kidneys are absolutely necessary for the continuance of 
the life of the animal; for it dies very speedily when they be- 
come by disease unfit to perform their functions: therefore the 
change which they produce in the blood is a change neces- 
sary for qualifying it to answer the purposes for which it is 
intended. 

As the urine is immediately excreted, it is evident that the 
change which the kidneys perform is intended solely for the 
sake of the blood. It is not merely the abstraction of a quan- 
tity of water and of salts, accumulated in the blood, which 
the kidney performs. A chemical change is certainly pro- 
duced, either upon the whole blood, or at least on some im- 
portant part of it; for there are two substances found in the 
urine which do not-exist in the blood. ‘These two substances 
are nephrin and uric acid. They are formed, therefor, in 
the kidneys; and as they are thrown out, after being formed, 
without being applied to any useful purpose, they are certainly 
not formed in the kidneys for their own sake. dens part of 
the blood, then, must be decomposed in the kidney, and a new 
substance, or new substances, must be formed; and the urea 
and uric acid must be formed at the same time, in consequence 
of the combined action of the affinities which produce the 
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change on the blood; and being useless, they are thrown out Chap.1. 


together with a quantity of water and salts, which, in all pro- 
bability, were useful in bringing about the changes which take 
place in the arteries and in the kidneys, but which are no 
longer of any service after these changes are brought about. 
The changes operated upon the blood in the kidneys are at 
present altogether unknown; but they must be important. 
Provided the method of analyzing animal substances were so 
far perfected as to admit of accurate conclusions, considerable 
light might be thrown upon this subject, by analyzing with 
care a portion of blood from the emulgent vein and artery 
separately, and ascertaining precisely in what particulars they 
differ from each other. 


SECT. IV. 


OF PERSPIRATION. 


Tuvs we have seen that the principal changes which the 
blood undergoes, as far at least as we are at present acquainted 
with them, take place in the lungs, in the kidneys, and in the 
arteries. In the lungs, a quantity of water and carbonic acid 
gas is emitted from the blood; and in the kidneys, the urine 
is formed and separated from it. ‘There seems also to be 
something thrown out from the blood during its circulation in 
the arteries, at least through those vessels which are near the 
surface of the body : for it is a fact, that certain substances are 
constantly emitted from the skins of animals. These sub- 
stances are known in general by the name of perspurable matter, 
or perspiration. ‘They have a great resemblance to what is 
emitted in the lungs; which renders it probable that both 
excretions are owing to the same cause ; namely, to the decom- 
position produced in the blood by the effects of respiration. 
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Many experiments have been made to ascertain the quan- Quantity 
tity of matter perspired through the skin. For the first set, °°" ag 


and not the least remarkable, we are indebted to Sanctorius ; 
who continued them for noless than 30 years. He ascertained 
his own weight and the weight of his food; and whatever 
weight he lost over and above that of his excrements, he as- 
cribed to perspiration. A similar set of experiments was after- 
- wards made in France by Dodart; in England by Keil; in 

Ireland by Bryan Robertson and Rye; and in Carolina by 
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Bookv. Lining. The result of all these experiments has been col- 

“~~ lected by Haller; but it gives us no precise estimate of the 
amount of the transpiration, since these philosophers have not 
distinguished between what is lost by the skin and by the — 
lungs. Lavoisier and Seguin alone have attempted to ascer- 
tain the amount of the matter perspired through the skin. A 
bag composed of varnished. silk, and perfectly air-tight, was 
vgs within which Seguin, who was usually the subject 
of experiment, was enclosed, and the bag was closed exactly 
over his head. There was a slit in the bag opposite to his 
mouth, and the edges of this slit were accurately cemented 
round the mouth by means of a-mixture of turpentine and 
pitch. Thus every thing emitted by the body was retained in 
the bag, except what made its escape from the lungs by respi- 
ration. By weighing himself in a delicate balance at the com- 
mencement of ue experiment, and again after he had con- 
tinued for some time in the bag, the quantity of matter carried 
off by respiration was ascertained, By weighing himself with- 
out this varnished covering, and repeating the operation after 
the same interval of time had elapsed as in the former expe- 
riment, he ascertained the loss of weight occasioned by per- 
spiration and respiration. _By subtracting from this sum the 
loss of weight indicated by the first experiment, he obtained 
the quantity of matter which made its escape by perspiration 
in a given time. The following facts were ascertained by these 
experiments: 

1. The maximum of matter perspired i in aminute amounted 
to 26°25 orains troy ; the minimum to nine grains : which 
gives 17°63 grains at amedium in the minute, or 52°89 ounces 
in the 24 hours. This quantity differs less than might have 
been expected from the result of former experiments made by 
Dodart, Keil, Rye, &c. 

2. The quantity perspired is increased by drink, but not be 
solid food. 

3. Perspiration is at its mimimum immediately after a re- 
past. It reaches its maximum during digestion.* 

The quantity of matter perspired differs very considerably 
according to circumstances. It has been shown to be greatest 
in hot weather, and in hot climates, and after great exercise ; 
and its relation to the quantity of urine has been long known. 


* Fourcroy, ix, 198. 
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When the matter perspir ed is great, the Heseatty of urine, is Chap. mt. 
small, and vice versa. 

To ascertain the substance thus emitted by perspiration is a substances 
difficult task, because it passes off invisibly, and in small quan- °**?"*" 
tities at a time. It has, notwithstanding, been ascertained, 
that water, carbon, and an oily matter are emitted; and that 
an acid, phosphate of lime, and even urea, are sometimes 
emitted through the skin.* 

It has been supposed that the skin has the property of ab- 
sorbing moisture from the air; but this opinion has not been 
confirmed by experiments, but rather the contrary. 

The chief arguments in favour of absorption of the skin whether 
have been drawn from the quantity of moisture discharged by oe 
urine being, in some cases, not only greater than the whole moisture. 
drink of the patient, but even than the whole of his drink and 
food. But it ought to be remembered that, in diabetes, the 
disease here uiluded to, the weight of the body is continually 
diminishing, and therefore part of it must be constantly thrown 
off. Besides, it is scarcely possible in that disease to get an 
accurate account of the food swallowed by the patients; and 
in those cases where very accurate accounts have been kept, 
and where deception was not so much practised, the urine was 
found not to exceed the quantity of drink.f In a case of dia- 
betes, related with much accuracy by Dr. Gerard, the patient 
was bathed regularly during the early part of the disease in 
warm water, and afterwards in cold water: he was weighed 
before and after bathing, and no sensible difference was ever 
found in his weight.t Consequently, in that case, the quan« 
tity absorbed, if any, must have been very small. 

It is well known that thirst is much alleviated by cold bathing. 

By this plan Captain Bligh kept his men cool and in good 
health during their very extraordinary voyage across the 
South Sea. This has been considered as owing to the ab- 
sorption of water by the skin. But Dr. Currie had a patient 
who was wasting fast for want of nourishment, a tumor in the 
cesophagus preventing the possibility of taking food, and whose 
thirst was always alleviated by bathing; yet no sensible in- 
crease of weight, but rather the contrary, was perceived after 
bathing. It does not.appear, then, that in either of these cases 
water was absorbed. 


* See the preceding Chapter, Sect. 25. 
+ See Rollo on Diabetes. t Ubid. 11, 73. 
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Farther, Seguin has shown that the skin does not absorb 
water during bathing, by a still more complete experiment: 
He dissolved some mercurial salt in water, and found that the 
mercury produced no effect upon a person that bathed in the 
water, provided no part of the cuticle was injured; but upon 
rubbing off a portion of the cuticle, the mercurial’ solution 
was absorbed, and the effects of the mercury became evident 
upon the body. Hence it follows irresistibly, that water, at 
least in the state of water, is not absorbed by the skin when 
the body is plunged into it, unless the cuticle be first removed. 

This may perhaps be considered as a complete proof that no 
such thing as absorption is performed by the skin; and that 
therefore the appearance of carbonic acid gas, which takes 
place when air is confined around the skin, must be owing to 
the emission of carbon. But it ought to be considered, that 
although the skin cannot absorb water, this is no proof that it 
cannot absorb other substances; particularly that it cannot 
absorb oxygen gas, which is very different from water. It is 
well known that water will not pass through bladders, at least 
for some time: yet Dr. Priestley found that venous blood ac- 
quired the colour of arterial blood from oxygen gas, as readily 
when these substances were separated by a bladder as when 
they were in actual contact. He found, too, that when gases 
were confined in bladders, they gradually lost their proper- 
ties. It is clear from these facts, that oxygen gas can pervade 
bladders: and if it can pervade them, why may it not also 
pervade the cuticle? Nay, farther, we know from the experi- 
ments of Cruickshanks, that the vapour perspired passes 
through leather, even when prepared so as to keep out moisture, 
at least for a certain time. It is possible, then, that water, 
when in the state of vapour, or when dissolved in air, may be 
absorbed, although water, while in the state of water, may be 
incapable of pervading the cuticle. ‘The experiments, there- 
fore, which have hitherto been made upon the absorption of 
the skin, are insufficient to prove that air and vapour cannot 
pervade the cuticle, provided there be any facts to render the 
contrary supposition probable. 

Now, that there are such facts cannot be denied. I shall 
not indeed produce the experiment of Van Mons as a fact of 
that kind, because it is liable to objections, and at best is very 
indecisive. Having a patient under his care who, from a 
wound in the throat, was incapable for several days of taking 
any nourishment, he kept him alive during that time by ap- 
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plying to the skin, in different parts of tlie body, several times 
a-day, a sponge dipped in wine or strong soup.* A fact men- 
tioned by Dr. Watson is much more important, and much 
more decisive. A lad at Newmarket, who had been almost 
starved in order to bring him down to such a weight as would 
qualify him for running a horse race, was weighed in the 
morning of the race day ; he was weighed again an hour after, 
and was found to have gained 30 ounces of weight ; yet in the 
interval he had only taken half a glass of wine. Here absorp- 
tion must have taken place, either by the skin or lungs, or 
both. The difficulties in either case are the same; and what- 
ever renders absorption by one probable, will equally strengthen 
the probability that absorption takes place by the other.+ 


SECT. V. 
OF ASSIMILATION. 


- Wr have now seen the progress of digestion, and the for- 
mation of blood, as far at least as we are acquainted with it. 
But to what purposes is.this blood employed, which is formed 
with so much care, and for the formation of which so great 
an apparatus has been provided? It answers two purposes. 
The parts of which the body is composed, bones, muscles, 
ligaments, membranes, &c. are continually changing. In 
youth they are increasing in size and strength, and in mature 
age they are continually acting, and consequently continually 
liable to waste and decay. They are often exposed to acci- 
dents, which render them unfit for performing their various 
functions ; and even when no such accident happens, it seems 
necessary for the health of the system that they should be now 
and then renewed. Materials therefore must be provided for 
repairing, increasing, or renewing all the various organs of the 
body ; phosphate of lime and gelatin for the bones, fibrin for 
the muscles, albumen for the cartilages and membranes, &c. 
Accordingly all these substances are laid up in the blood; and 


* Phil. Mag. vi. 95. 

+ Watson’s Chemical Essays, iii. 101. The Abbé Fontana also found 
that, after walking in moist air for an houv or two, he returned home some 
ounces heavier than he went out, notwithstanding he had suffered consider- 
able evacuation from a brisk purge purposely taken for the experiment. This 
increase, indeed, might be partly accounted for by the absorption of moisture 
by his clothes. | 
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they are drawn from that fluid, as from a storehouse, when- 
ever they are required. The process by which the different 
ingredients of the blood are made part of the various organs 
of the body is called assiMILaTIoNn. 

Over the nature of assimilation the thickest darkness still 
hangs: there is no key to explain it, nothing to lead us to the 
knowledge of the instruments employed. Facts, however, have 
been accumulated in sufficient numbers to put the existence of 
the process beyond the reach of doubt. The healing, indeed, 
of every fractured bone, and every wound of the body, is a 
proof of its existence, and an instance of its action. 

Every organ employed in assimilation has.a peculiar office ; 
and it always performs this office whenever it has materials to 
act upon, even when the performance of it is contrary to the 
interest of the animal. ‘Thus the stomach always converts 
food into chyme, even when the food is of such a nature that 
the process of digestion will be retarded rather than promoted 
by the change. If warm milk, for instance, or warm blood, 
be thrown into the stomach, they are always decomposed by 
that organ, and converted into chyme; yet these substances 
are much more nearly assimilated to the animal before the ac- 
tion of the stomach than after it. ‘The same thing happens 
when we eat animal food. 

On the other hand, a substance introduced into an organ 
employed in assimilation, if it has undergone precisely the 
change which that organ is fitted to produce, is not acted upon 
by that organ, but passed on unaltered to the next assimilating 
organ. Thus it is the office of the intestines to convert chyme 
into chyle. Accordingly, whenever chyme is introduced into 
the intestines, they perform their office, and produce the usual 
change; but if chyle itself be introduced into the intestines, 
it is absorbed by the lacteals without alteration. The expe- 
riment, indeed, has not been tried with true chyle, because it 
is scarce possible to procure it in sufficient quantity; but when 


. milk, which resembles chyle pretty accurately, is thrown into 


the jejunum, it is absorbed unchanged by the lacteals.* 
Again, the office of the blood-vessels, as assimilating organs, 
is to convert chyle into blood. Chyle, accordingly, cannot be 
introduced into the arteries without undergoing that change; 
but blood may be introduced from another animal without any 
injury, and consequently without undergoing any change. 


* Fordyce on Digestion, p. 189. 
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This experiment was first made by Lower, and it has since chap. tr. 
been very often repeated. 
Also, if a piece of fresh muscular flesh be applied to the Foreign 
muscle of an animal, they adhere and incorporate without any fas tes. 
change, as has been sufficiently established by the experiments sgl 
of Mr. J. Hunter; and Buvina has ascertained, that fresh boas. 

bone may, in the same manner, be engrafted on the bones of 
animals of the same or of different species.* iS 

In short, it seems to hold, at least as far as experiments have 
hitherto been made, that foreign substances may be incor- 
porated with those of the body, provided they be precisely of 
the same kind with those to which they are added, whether 
fluid or solid. Thus chyle may be mixed with chyle, blood 
with blood, muscle with muscle, and bone with bone. The 
experiment has not been extended to the other animal sub- 
stances, the nerves, for instance; but it is extremely probable 
that it would hold with respect to them also. 

On the other hand, when substances are introduced into 
any part of the body which are not the same with that part, 
nor the same with the substance upon which that parts acts, 
provided they cannot be thrown out readily, they destroy the 
part, and perhaps even the animal. Thus foreign substances 
introduced into the blood very soon prove fatal ;-and introduced 
into wounds of the flesh or bones, they prevent these parts 
from healing. . 

Although the different assimilating organs have the power powers of 
of changing certain substances into others, and of throwing hace ae 
out the useless ingredients, yet this power is not absolute, even cin 
when the substances on which they act are proper for under= 
going the change which the organs produce. ‘Thus the sto- 
mach converts food into chyme, the intestines chyme into 
chyle, and the substances which have not been converted into 
chyle are thrown out of the body. If there happen to be pre- 
sent in the stomach and intestines any substance which, though 
incapable of undergoing these changes, at least by the action 
of the stomach and intestines, yet has a strong affinity, either 
for the whole chyme and chyle, or for some particular part of 
it, and no affinity for the substances which are thrown out, that 
substance passes along with the chyle, and in many cases con- 
tinues to remain chemically combined with the substance to 


* Phil. Mag. vi. 308. 
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Book V.. which it is united in the stomach, even after that substance has 
been completely assimilated, and made a part of the body of 
the animal. Thusthere is a strong affinity between the colour- 
ing matter of madder and phosphate of lime. Accordingly, 
when madder is taken into the stomach, it combines with the 
phosphate of lime of the food, passes with it through the lac- 
teals and blood vessels, and is deposited with it in the bones, 
as was proved by the experiments of Bechier* and Duhamel. 
In the same manner, musk, indigo, &c. when taken into the 
stomach, make their way into many of the secretions. 

Asimilation These facts show us that assimilation is a chemical process 

@ chemical bes 

proeess from beginning to end; that all the changes are produced ac- 
cording to the laws of chemistry; and that we can even de- 
range the regularity of the process by introducing substances 
whose mutual affinities are too strong for the organs to over- 
come. 3 

It cannot be denied, then, that the assimilation of food con- 
sists merely in a certain number of chemical decompositions 
which that food undergoes, and the consequent formation of 
certain new compounds. But are the agents employed in as- 
similation merely chemical agents? We cannot produce any 
thing like these changes on the food out of the body, and 
therefore we must allow that they are the consequence of the 
action of the animal organs. But this action, it may be said, 
is merely the secretion of particular juices, which have the 
property of inducing the wished-for change upon the food : 
and this very change would be produced out of the body, pro- 
vided we could procure these substances, and apply them in 
proper quantity to the food. If this supposition be true, the 
specific action of the vessels consists in the secretion of certain 
substances; consequently the cause of this secretion is the real 
agent in assimilation. Now, can the cause of this secretion be 
shown to.be merely a chemical agent? Certainly not. For in 
the stomach, where only this secretion can be shown to exist, 
it is not always the same, but varies according to circum- 
stances. ‘Thus eagles at first cannot digest grain, but they 
may be brought to do it by persisting in making them use it 
as food. On the contrary, a lamb cannot at first digest animal 


* Phil. Trans. 1736, p. 287. 
+ Ibid. 1740, p. 390. The fact was mentioned by Mizaldus in a book pub- 
lished in 1566, entitled, Memorabilum, utilium ac jucundorum Centuriz 
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_ food, but habit will also give it this power. In this case, it is ‘chap. nr. 
‘evident that the gastric juice changes according to circum- ° 
stances. 

The presence of some agent, different from a mere chemical put the 
power, will be still more evident, if we consider the immunity 22°" 2° 
of the stomach of the living animal during the process of di- 
gestion. ‘The stomach of animals is as fit for food as any other 
substance. The gastric juice, therefore, must have the same 
power of acting on it, and of decomposing it, that it has of 
acting on other substances ; yet it is well known that the sto- 
mach is not affected by digestion while the animal retains life; 
though, as Mr, Hunter ascertained, the very gastric juice 
which the living stomach secretes, often dissolves the stomach 
itself after death.* Now what is the power which prevents 
the gastric juice from acting on the stomach during life ? 
Certainly neither a chemical nor mechanical agent, for these 
agents must still retain the same power after death. We 
must, then, of necessity conclude, that there exists in the ani- 
mal an agent very different from chemical and mechanical 
powers, since it controuls these powers according to its plea- 
sure. These powers, therefore, in the living body, are merely 
the servants of this superior agent, which directs them so as 
to accomplish always one particular end. ‘This agent seems 
to regulate the chemical powers, chiefly by bringing only cer- 
tain substances together which are to be decomposed, and by 
keeping at a distance those substances which would interfere 
with, or diminish, or spoil the product, or injure the organ; 
and we see that this separation is always attended to even when 
the substances are apparently mixed together: For the very 
same products are not obtained, which would be obtained by 
mixing the same substances together out of the body, that are 
produced by mixing them in the body; consequently all the 
substances are not left at. full liberty to obey the laws of their 
mutual affinities. The superior agent, however, is not able to 
exercise an unlimited authority over the chemical powers 
sometimes they are too strong for it: some substances, ac-. 
cordingly, as madder, make their way into the system ; while 
others, as arsenic, decompose and destroy the organs of the 
body themselves. 

But it is not in digestion alone that this superior agent makes 
the most wonderful display of its power ; it is in the Jast part 


* Phil. Trans. 1772, p. 447. 
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Book y. of assimilation that our admiration is most powerfully excited. 
~ How comes it that the precise substances wanted are always 
carried to every organ of the body? How comes it that fibrin 
is always regularly deposited in the muscles, and phosphate of 
lime in the bones? And, what is still more unaccountable, how 
comes it that prodigious quantities of some one particular sub- 
stance are formed and carried 1o a particular place, in order to 
supply new wants which did not before exist? A bone, for ex- 
ample, becomes diseased and unfit for the use of the animal ; 
anew bone therefore is formed in its place, and the old one is 
carried: off by the absorbents. In order to form this new bone, 
large quantities of phosphate of lime are deposited in a place 
where the same quantity was not before necessary. Now, who 
informs this agent that an unusual quantity of phosphate of 
lime is necessary, and that it must be carried to that particular 
place? Or, granting, as is most probable, that the phosphate 
of lime of the old bone is partly employed for this purpose, 
who taught this agent that the old bone must be carried off, 
new-modelled, and deposited and assimilated. anew ? ‘he same 
wonders take place during the healing of every wound, and 
the renewing of every diseased part. 

But neither in this case is the power of this agent over. the 
chemical agents which are employed absolute. We may pre- 
vent a fractured bone from healing, by giving the patient large 
quantities of acids.. And unless the materials for new-wanted 
substances be supplied by the food, they cannot in many cases 
be formed at all. Thus the canary-bird cannot complete her 
eggs unless she be furnished with lime. 

aida _ As this agent which characterises living bodies does not 
appear to act according to the principles of chemistry, any 
inquiry into its nature would be foreign to the subject of this 
work. . Physiologists have given it the name of the living 
or, animal principle; and to them I beg leave to refer the 

reader, 
reheat Besides the different organs of the body, the blood is also 
the mate. employed in forming all the different secretions which are ne- 
(aie * cessary for the purposes of the animal economy. These have 
been enumerated in the last chapter. The process is similar . 
to that of assimilation, and undoubtedly the agents in both 
cases are the same: but we are equally ignorant of the pre- 
cise manner in which secreticn is performed as we are of assi- 
milation. . 
After these functions have gone on for a certain time, 


ee 


DECOMPOSITION OF ANIMAL BODIES. 


631. 


which is longer or shorter according to the nature of the ani- Chap. tv. 


mal, the body gradually decays, at last all its functions cease 
completely, and the animal dies. ‘The cause of this must 
appear very extraordinary, when we consider the power 
which the animal has of renewing decayed parts; for it can- 
not be doubted the death proceeds, in most cases at least, from 
the body becoming incapable of performing its functions. 
But if we consider that this power is limited, and that it must 
cease altogether when those parts of the system begin to decay 
which are employed in preparing materials for future assimi- 
lation, our surprise will, in some measure, cease. It is in 
these parts, in the organs of digestion and assimilation, ac- 
cordingly, that this decay usually proves fatal, ‘The decay in 
other parts destroys life only when the waste is so rapid that it 
does not admit of repair. | 

What the reason is that the decay of the organs causes 
death, or, which is the same thing, causes the living principle 
either to cease to act, or to leave the body altogether, it is 
perfectly impossible to say, because we know too little of the 
nature of the living principle, and of the manner in which it is 
connected with the body. The last is evidently above the 
human understanding; but many of the properties of the 
living principle have been discovered: and were the facts 
already known properly arranged, and such general conclu- 
sions drawn from them as their connection with each other 
fully warrant, a degree of light would be thrown upon the 
animal economy, which those who have not attended to the 
subject are not aware of. ( . 

No sooner is the animal dead, than the chemical and me- 
chanical: agents, which were formerly servants, usurp the 
supreme power, and soon decompose and destroy that very 
body which had been in a great measure reared by their 
means. But the changes which take place upon animal bodies 
after death, are.too important to be passed over slightly. 
They shall therefore form the subject of the next chapter. 


CHAP. IV. | 


OF THE DECOMPOSITION OF ANIMAL BODIES. — 


Tue rapidity with which animal bodies undergo decom- 
position, and the disgusting fetor which accompanies this 


~ 


632 DECOMPOSITION OF ANIMAL BODIES. 


Book V. decomposition, have long been considered as some of their 
most striking peculiarities. ‘This spontaneous destruction ‘is 
denominated putrefaction. Considerable attention has been 
paid to it by chemists. Becchar and Stahl have described 
with fidelity the phenomena with which it is attended, and 

- the circumstances necessary for its taking place. Several 
curious remarks on it were made by Boyle and Beale.* To 
Sir John Pringle we are indebted for some important experi- 
ments on the method of retarding putrefication;+ neither are 
the experiments of Dr. Macbride less valuable, though the 
consequences which he drew from them were erroneous.. We 
are indebted also to Crell and Priestley for many valuable 
facts; and to Berthollet and Lavoisier for the first attempts 
to determine the real changes which take place, and the 
manner in which the new products which appear during 
putrefaction are formed. But notwithstanding the labours of 
these philosophers, and of many others, much is still wanting 
to enable us to trace the complicated changes which take 
place during putrefaction, and to account for them in a satis- 
factory manner. 

Conditions It has been ascertained long ago, that putrefaction never 

putreface takes place in those animal substances which contain only 

fe two or three ingredients, such as oils, resin, sugar: they must 
always be more complicated in their texture: and perhaps in 
all cases a mixture of two or more compound bodies is neces- 
sary for speedy decomposition. But however complicated the 
animal substance may be, it does not putrefy unless moisture be 
present; fgr dry animal substances are not susceptible of al- 
teration. A certain degree of heat is also necessary. Animal 
bodies may be kept without decomposing for any length of 
time at the freezing temperature. In general, the higher the 
temperature the more rapid is the putrefaction, provided the 
heat be not great enough to reduce the animal body to dry- 
ness. It has (heen Bren. too, that putrefaction advances 
with more rapidity in the open air; but exposure to the air is 
not necessary, though it modifies at decomposition. 

Putrefaction © When these conditions are observed, and dead animal mat- 

Nae ter is left to itself, its colour becomes gradually paler, and its 
consistence diminishes: if it be a solid part, such as flesh, it 
softens, and a serous matter sweats out, whose colour quickly 
changes; the texture of the part becomes, relaxed, and its 


* Phil. Trans. iv. £135. + Ibid. xlvi. 480, &e. 
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organization is destroyed; it acquires a disagreeable smell; chap. 1v, 


the substance gradually sinks down, and is diminished in 
bulk; its smell becomes strongly ammoniacal. If the subject 
be contained in a close vessel, the progress of putrefaction at 
this stage seems to slacken; no other smell but that of a pun- 
gent alkali is perccived; the matter effervesces with acids, and 
converts syrup of violets to a green. But if the communica- 
tion with the air be admitted, the urinous exhalation is dissi- 
pated, and a peculiar putrid smell is spread around with a 
kind of impetuosity; a smell of the most insupportable kind, 
which lasts a long time,'and pervades every place, affecting the 
bodies of living animals after the manner of a ferment, capable 
of altering the fluids: this smell is corrected, and as it were 
confined by ammonia. When the latter is volatilized, the 
putrefaction process becomes active a second time, and the 
substance suddenly swells up, becomes filled with bubbles of 
air, and soon after subsides again. Its colour changes, the 
fibrous texture of the flesh being then scarcely distinguish- 
able; and the whole is changed into a soft brown or greenish 
matter, of the consistence of a poultice, whose smell is faint, 
nauseous, and very active on the bodies of animals. The 
odorant principle gradually loses its force, the fluid portion of 
the flesh assumes a kind of consistence, its colour becomes 
deeper, and it is finally reduced into a friable matter, rather 
deliquescent: which, being rubbed between the fingers, breaks 
into a coarse powder like earth. This is the last state ob- 
served in the putrefaction of animal substances; they do not 
arrive at this term but at the end of a considerable time.* 


During this decomposition a variety of gaseous bodies are Products. 


emitted: these vary according to the substance exposed to 
putrefaction ; but they consist chiefly of hydrogen gas, hold- 
ing sulphur, phosphorus, and carbon in solution; of am- 
monia, water, and carbonic acid, and perhaps also of azotic 
gas. Nitric acid seems in some cases to be formed and 


emitted. The earthy-like residuum, which remains after the 


decomposition is completed, consits of the fixed parts of the 
animal substance, mixed with charcoal, oil, and ammonia. 
Thus it appears that putrefaction. consists in a total decom- 
position of the animal body; the elements of which combine 
together two and two, and thus form a new set of less com- 
plicated bodies. But any attempt to explain the manner In 


* Fourcroy,. 
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which: these changes take place would be exceedingly imper- 
fect indeed; not only because we are ignorant of the strength 
of the affinities of the different elementary parts of animal 
bodies for each other, but because we do not even know the 
manner in which these elements are combined, and conse~ 
quently we cannot: know by what particular forces these com- 
pounds are destroyed. 

In carcases buried in the earth, putrification takes place 
much more slowly; but it is scarcely possible to observe its 
progress with accuracy. ‘The abdomen is gradually dilated 
with elastic fluids, which make their appearance in it, and at 
last it bursts and discharges a horribly fetid and noxious gas ; 
at the same time a dark coloured liquid flows out. If the 
earth be very dry, and the heat considerable, the moisture is 
often absorbed so rapidly, that the carcase, instead of putri- 
fying, dries, and is transformed into what is called a mummy. 

Such are the phenomena when dead bodies are left to pu- 
trify separately: but when great numbers of carcases are 
crowded together in one place, and are so abundant as to ex- 
clude the action of external air and other foreign agents, their 
decomposition is entirely the consequence of the reciprocal 
action of their ingredients themselves upon each other, and 
the result is very different. The body is not entirely dissipa- 
ted or reduced to mould, but all the soft parts are found di- 
minished remarkably in size, and converted into a peculiar 
saponaceous matter. This singular change was first accurately 
observed in the year 1786. 

The burial ground of the Innocents in Paris having become 
noxious to those who lived in its neighbourhood, or account 
of the disagreeable and hurtful odour which it exhaled, it 
was found necessary to remove the carcases to another place. 
It had been usual to dig very large pits in that. burial ground, 
and to fill them with the carcases of the poorer sort of people, 
each in its proper bier; and when they were quite full, to 
cover them with about a foot deep of earth, and to dig another 
similar pit, and fill it in the same manner. Lach pit held 
between 1000 and 1500 dead bodies. It was in removing 
the bodies from these pits that this saponaceous substance was 
found. The grave-diggers had ascertained, by long experi- 
ence, that about thirty years were required before all the 
bodies had undergone this change in its full extent.* Jivery 


* Fourcroy, Ann. de Chim. v, 154. 
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part of the body acquired the properties of this substance. cnap. qv. 
The intestines and viscera of the thorax had completely dis- ~~—~ 
appeared; but what is singular enough, the brain had lost but 

little of its size or appearance, though it was also converted 

into the same substance. 

This saponaceous matter was of a white colour, soft and tts proper- 

unctuous to the touch, and melted, when heated, like tailow. 
It exhibited all the properties of a soap, containing, however, 
an excess of fatty matter. Fourcroy, who analysed it, found 
that 1t was composed of a fatty matter combined with ammo- 
nia, and that it contained also some phosphate of lime and 
ammonia. Diluted acids decomposed it, and separated the fatty 
matter: alkalies and lime, on the other hand, drove off the 
ammonia. When exposed to the air it gradually lost its 
white colour ; the ammonia, in a great measure, evaporated; 
and what remained had something of the appearance of wax. 
It absorbed water with great avidity, and did not part with it 
readily. Its white colour was owing to the presence of that 
liquid. The oily matter, when separated by means of a diluted 
acid, was concrete, and of a white colour, owing to the mix- 
ture of a quantity of water. When dried, it acquires a grey- 
ish-brown colour, a lamellar and crystalline texture, like that 
of spermaceti; but if it has been rapidly dried, it assumes the 
appearance of wax.* It melts when heated to 126°; when 
properly purified, by passing it through a linen cloth while 
fluid, it has scarcely any smell. Alcohol does not act upon it 
while cold, but at the temperature of 120° it dissolves it: when 
the solution cools, the fatty matter precipitates, and forms a 
gritty mass. With alkalies it forms a, soap; and when set on 
fire it burns precisely like oil or fat, only that it exhales a 
more unpleasant odour.+ 

Dr. Smith Gibbes found the same substance in the pit into 
which animal matters are thrown at Oxford after dissection. 

A small stream of water constantly passes through this pit; a 
circumstance which induced him to try whether animal 
muscle exposed to the action of a running stream underwent 
the same change. ‘The experiment succeeded completely: he 
attempted, in consequence, to render this substance, to which 


* Chevreul has shown that it is a compound of two substances, one 
having nearly the properties of margaric acid, the other of fluid fat. Ann, 
de Chim. xcy. 25. , 

+ Fourcroy, Ann. de Chim. vii. 17, A set of experiments on a similar 
substance have been published. by Dr, Eimke. See Gehlen’s Jour. iv. 439. 
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Book v. he gave the name of spermacéti, useful in those manufactures 
—~—~ which require tallow ; but the fetid odour which it constantly 
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exhales was an unsurmountable objection.* Attempts were 
indeed made to get over it; and a manufacture of Dr. Smith 
Gibbes’s spermaceti was even established near Bristol. 

Many attempts have been made to retard the destructive 
progress of putrefaction, in order to preserve animal bodies 
either as food or for other useful purposes; and several 
methods have been ascertained which prevent it from opera- 
ting for a considerable time. 

1. The freezing temperature is a complete preservative from 
putrefaction, as long as the animal substance is exposed to it. 
Hence the common practice of keeping meat in snow in the 
frozen climates of the north: and of packing fish in ice, and 
sending them in that state from Scotland to the London 
market. 

2. Almost all bodies which have a strong affinity for water 
retard. putrefaction for a longer or shorter time, doubtless 
by depriving the animal substances of their water, or pre- 
venting that liquid from acting upon these bodies in its usual 
manner. In this way the acids, sugar, alcohol, &c. seem to 
prevent or retard putrefaction. 

3. It is well known that common salt is a powerful antisep- 
tic. Hence the practice of salting meat, and the length of 
time which meat that has undergone this operation may be 
be kept. Several other salts, especially nitre, possess the 
same property. In what manner these bodies act has not 
been ascertained; but they undoubtedly produce some chemi- 
cal change upon the meat; for they alter its taste, its colour, 
and other sensible properties. 

4. Many aromatics, such as camphor, resins, volatile oils, 
bitumens, and other similar bodies, act with considerable 
efficacy in preserving animal bodies from putrefaction. Hence 
their utility in embalming. In what the action of these sub- 
stances consists has not been ascertained. Part of their effi- 
cacy is doubtless owing to the rapidity with which the animal 


substances to which they are applied lose their moisture; and 


something may be ascribed likewise to their odour, which 


_ keeps insects at a distance, and thus prevents the lodging of 


excrementitious matter, which always acts powerfully as a pu- 
trefactive ferment. 


* Phil. Trans. 1794, 1795 
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Tables exhibiting the weight of the atom of all substances 
hitherto accurately examined. 
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In the first table, the bodies are placed according to the 
weight of the atoms; in the second, in the alphabetical order. 
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Sulphuret of zine .......... 
Succinic acid i4.........0008 
Chlorocarbonic acid ........ 
Chlofic etheratitiss iis sree ae 
Acetl¢ agid: 5 ies ls04 50% 5 odd 
Strovitian .. pew ae 4s 40:0 
Chrotiric aeidwask van 40s eek 


Manganesic acid...........0. 
Chloride of sulphur ........ 


Nitric acid. eo oe fw @o@seoeoeaeesve ee 


wees GID 
woes GIVE 
weve O25 
se ee ODS 
5. 20 IIS 
wees 695 
sss! 6375 
weve 6S 
wos OS 


mois A) 6°5 


Sena” OD 
eeee 6°75 
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APPENDIX. 
Weight of | Weight of 
atom, hy- atom, oxy- 
ih drogen=1, gen=1, 
Protoxide of cerium ........ 54 0... 6°75 


Arsenious acid ...... ee SAMUI G TS 
Cadmium ..cescececccceiee 186g loins 

Pa lldchtirry 9b ss eseus tv aris beh rooted BG... cia 
Protoxide of molybdenum.... 56 .... 7 
Sulphuret of potassium ...... SBS 2st 
Chloride of calcium ....... 5G 7 
Selenic acid 1... os ceeee cele's Sy 7125 
AO ocnieced® se ot Na 6 ee 2 2t O Oe wm 9 MEETS 
Cithiodcid | dhs ever eer reees Suis oe FBT 
Sulpho-chyazic acid? ........ BO hae miBLS 
Chloride of sodium ,....-.- 60 «... 75 
Persulphuret of iron ...... 4200 is sa RS 


Antimonic acid ...004séeeee Gli si. 7625 
Arsenic acid: bas os 9372 send ipsbeaitnd 
Chlorocyanic acid ....+.++++ 62 .s.0+ 7°75 
Gallic acid. <d¢.05¢02006 e029 Ooelet cle ttban 
Copper... ..sabs.-. 9d vee ent itis = thence 
Oxide of cadmium.......... 64 .... 8 
Oxide of palladium ........ 64..... 8 

8 


Peroxide of potassium ...... a ee 
Chloride of iron........ ono OA: ler ue 
Molybdous acid .........- «04. kink @ 
Muriatic ether.......... 5 <metOot -2exasotles 
Sesquisulphuret of selenium .. 65 .... 8125 
"LArtaric HCiC Mis oe seb es eee oe G7 acs cipioteL: 
Protoxide of tin .......see. 67 <a 0 Oro 


Deutoxide of chlorine ...... 68 .... 8°5 
Sub-bichloride of sulphur.... 68 .... 8°5 


Chloride of zinc......... xd Ooles te BLK 
Barium, 0 -ads oonee recs eee (0: nem yO toy 
Bismagth. 5 dates a0 asrseunsess 8 71 ja et BBDS 
Tannin oo c@e-estesesree oo Llib widie GHB Ie 
Molybdic acid......... d+ bibiss: Gerace 
Protoxide of copper ..... see Lohse 
Peroxide of sodium ..... > > adh ete. aa 
Sulphuret of cadmium ...... 12, 4 fg 
Sulphuret of palladium ...... [Zines ene 
Hyposulphuric acid ........ 78s. wicnais 


Peroxide of tin ......25+00+ 75 be de 875) 
Protosulphuret of tin...cerss 75 «eee 9375 


APPENDIX. 


Weight of Weight of - 


atom, hy- atom, oxy- 
drogen=1, gen=1], 


CHIOTIC ACIDI LE View oie ca cen cee TOU ME eS 
Chloride of potassium ...... 76 .... 9°5 
Peroxide of cobalt ........ oe dO, nos eee 
Peroxide of nickel .......... 76 .... 9°59 
BE ny tes tis ee ak oye sesso s 189 aieanGyo 
Oxide of bismuth .......... 79 .... 9°875 
Acetic etherer ny... ede FAlngay hos 9:875 
Peroxide of ‘copper. ...... a8 802% sailO 
Peroxide of iron...... MAAS AAO 
Sulphuret of copper «....... 80 ....10 
Silgari, ie iecap ass a cuore bom war boetes 
Perchloride of Bhekaiewes Sa BA whe TOS Tt 
Peroxide of barium ........ 86 ....10°75 
Sulphuret of bismuth ...... 87 ....10°875 
Chloride of strontium........ 88 ....11 


Gumyie oF een eee: S ope se RO 11°25 
Persulphuret of tin...... A ao | keg 1°375 
Perchloric acid ....:... Vo. 9002 veal 5 
Chloride of cadmium........ 92 ,...11°5 
Protochloride of tin ........ 95 ....11°875 
Tungsten..... setae g ne vee Bel Go teelZ 
Perchloride of iron ..... oeeL0O Tat, LO 


Protochloride of copper......100 ....12°5 
Persulphuret of bismuth ....103 ....12°875 
Bends 3.2: Ghee t Se cain etna ele 
SACIACLIC ACICS is sy ¢ os dele ae OOU we ele ep 
Chloride of barium..........106 ....13°25 
Chloride of bismuth ........107 ....13°375 
Realgar yeas. Ribs et o's » SUEY Helin dior DL 
SiGe os oe eee eas eee eos s ek INS aie whi AD 
Protoxide of lead ..........112 ....14 
Brown oxide of tungsten ....112 ....14 
Bichloride of selenium ......113 ....14°125 
Peroxide of cerium ........116 ....14°5 
Seleniuret of arsenic ........117 ....14°625 
Oxide: of silveton. . 0 os ois ett LBs ge edenco 
hod. 5 Werten oe es ch bwee dee 5 emake 
Peroxide of lead... one fils td Bly a ae 
Sulphuret of lead ..........120 ....15 
Pungstic acidig.. +--+ +++ ++ak20x 4 anAp 
VoL. IV... NaN AR ; 
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APPENDIX. 


Weight of Weight of 


atom, hy- 


atom, oxy- 


drogen=1. gen=1. 


Benzoic acid ©......... J oa SLO DUG: 
Orpiment. .....e weer seen 19409 65 15'S 
Todas 6.20 ius sie ane de FDS so. 161625 
Utahium . 200.0 Sia wa ek Z5 . 6.59625 
Hydriodic acid ....... swew sh2Gs 00 LOPOUS 
Sulphuret of silver ........4. E26. 05275, 
Protoxide of rhodium ...... 128 ....16 
Perchloride of tin ..... RSA 26°35 
Protoxide of uranium........ 193. 20.56625 
Sulphuret of tin........+... 134 ....16°75 
Persulphuret of lead ........ 136%... 37 
Perchloride of copper ...... 186° 2017 
Deutoxide of rhodium ......136 \....17 
Iodide of phosphorus........ LBB ed UE PEZS 
Chloride. of lead .. 066 FON 6: 140 9. 2 .P75 
Iodide of sulphur .......... 141. ....17°625 
SHarch ws. sd veces eviv eve eee 42 pS ERTS 
Colamabium 48 ica siasaveey. 144 ....18 
Titanium ? oe ¥icesevs oe PER ei W445. ..18 
Peroxide of rhodium........ 144 ....58 
Iodide of calcium .......... 145°. 66 e18°T25 
Chloride of silver .......... 146 ....18°25 
Cubic pyrite? ... 000s bles. 146 ... -F8°25 
Todide of sodium ........0.. 149° J...18°625 
Deutosulphuret of tin........ 150 .«..18°75 
Protoxide of titanium ...... 152 3 S19 
Columbic acid .........06. 152 24.19 
Todide of trons... 0.633.606. 153 ....19°125 
Hydriodic ether .......2.65% 154: ..6.19°25 
Todide of zinc .........0000. 158 ....19°75 
Chloride of azote .......... 158 ....19°75 
Peroxide of titanium ........ 160 ....20 
Té6dté acid) svete cscse. VES. 165 ....20°625 
Iodide of potassium ........ 165 ....20°625 
Todide of strontium ........ 169) woe YU1YS 
Iodide of cadmium.......... 181 ....29°625 
Platinum .. ee 65sec ees ae 181 ....22'625 
lodide:’ of eoppér is: sz 2assiccs 189 .. ..23°625 
Protoxide of platinum .... 2.189 ....23°625 
Iodide of barium .......... 195 ....24°375 


APPENDIX. 


Weight of Weight of 
atom, hy- atom, oxy- 
: drogen=1, gen=1, 
Iodide of bismuth ....... os L9G eee iB4ars 
Chloriodic acid ........ 1p LET eel 24695 
CO) 5 a's oe es a eA uke 199 ....24°875 
DEERE ee. es a sl re elaaia 200... «25 
Peroxide of platinun’........205 ....95°625 


PROLGRIAE GE WO on sae 5 « wigs 4 207 isisteeZOrS Vo. 
Protoxide of mercury ...... 208 ....26 
Peroxide of mercury ........ ANS Pe oF 
Sulphuret of mercury ...... 1 a 
Peroxide of gold +... Reeucee Teka Ue 
lodidesof leacheseeiee: . oy. BES bs 8 e2e ous 
Red oxide of lead 2:+....... BIDS We ee2g 
Todide of silver ssese....e.. 235% > 9s 99876 
Periodide of phosphorus .:..262°.:.:32°75 
Margaric acid. ..+.... care ke 264° 22:98 
Peroxide of uranium... .... 2740 664.3425 
Oleie acidh 6. .ccase-. sis alaseen 4 288° 2.36 
Morpltidus oii cacuisinn slog ps 322 ....40°25 
Pieroton fans ag) oi see 360 (9245 
LENG NA /, twriahstasonsl als awe eooly vie un O2o 
BEUCWh an a tes ctdoenasd lily tan no eR Ue aOOL oO 


Qo 2 


644 APPENDIX. 
TABLE If. 
Weight of Weight of 
atom. atom, 
A Chloric acid........ 9°500 
Acetic acid .....-+. 6375 Chloride of azote ....19°750 
Acetic ether........ 9°875 — barium.. 13°250 
A TGOO UE ha veuds cote ooa & A oS hs TS bismuth . 13°375 
Alamingsn eats es 25 1A RO RE cadmium 11°500 
ALUMATAUR so Sheteres sh t Deh he I Se -calcium . 7°000 
Ammonia eae. is % SES ies oe iron.... 8°000 
Antimonic acid ..... POOR i ies, lend ehetiesl 74500 
Antimony .....+.+. B'GLAG A a ee aime Oe er oO 
AYSECNIC ssh eecitels os ye ae TOO | ec magnesium 6°000 
Arsenic acid....... » 7750. ______.. potassium 9°500 
Arsenious acid ..... ha Gah RDS esas silver ... 18°250 
Azote ..'.’e's aly tek ch ME 7 Oy eae sodium . 7°500 
B strontium 11:000 
Banumcics sora eueenooy a sgh hk aoe | 
7 PANG bg Auplgtee-Weantt » WS 
Borwoie aid 222.1 15-000 Chlorocarbonie acid. 6250 
Bichloride of selentum 14°125 Chlorocyanic acid”. = 7-750 
Bisydrooncet “of Chlorine satteneces 4.500 
phosphorus ....- 1°750 Chloriodic acid ..... 24625 
EVES ane y any apres it eae ee 8'°875 Chromic acid ....... 6°500 
Boracic acid ...... BAe et 605, Chromium ......... 3°500 
Barna ab oh eee 0°875 CUEIC ACINS ck ec ea od 
Rr weet oe ene Cobalt tees eee eees SSeS 
tungsten ....... Columbic acid ...... 19°000 
Brucia ‘sis 's os weeeee 51°500 Columbium ........ 18000 
C CDDCR o'elaalitlet gale 8-000 
| Cubic pyrites....... 18°250 
Cadimiuniy's.'f 9 tee ee O00 Cyanogen.......... 3°250 
Calcmniwencre tes SMB GI5 
Carbo tres cutee vere OFO0 257 D 
Carbonte acid ,...'.: 2°750 Deutoxide of azote.. 3°750 
Carbonic oxide ..... 1°750 —chlorine. 8°500 
Carburetted hydrogen 1 000 —-~—-_— hydrogen 27125 
Ceritinl sss scones » 5750 ———~=yhodium 17:000 
Chloric ether ....... 6°250 ————_~——— tin ..... 18°750 


APPENDIX. 645 
Weight of Weight of 
atom. atom. 
KE Iodide of copper.... 23°625 
Pthonyscctic’. cus. ARERR ee eR EES 
chloric... ....» +: .6°250 lead. ...-. 28°625 
hydriodic ... 19250 phosphorus 177125 
MUYIALLG ie as ¢ used 2S potassium . 20°625 
MALI Sr oso sates , 10°25? silver ..... 29°375 
sulphuric ... 4°625 strontium . 217125 
—— sulphur .. 17°625 
EF Jédinie cS ile a 15°625 
ita daenn Ee To te karen cn 
Fluorime........+.+  2°000 Tron. . ..«§ aaa? wore AON) 
Fluosilicic acid ..... 3°000 a 
Bioetinc SOILS 5 a MO Lactio acid Ws. ss.3 6 5°750 
G Lead eis wis Peles 13°000 
ft Me ek ee ee a cant 3°500 
Galhe acid t2) errs FOOTE cee ik oe yt 9-950 
Cicina es tc desee 6 6 pss Adda V8 tot Me GOP 1:250 
Glucinum..... 7 2°250 
Crees ee cre rete crete Q4°875 M 
elt aa a Sea pel acura ic ai S210 Miamabsia sas “eoedis00 
W Magnesium ........ 17500 
Manganese ........ § 3°500 
Hydriodic acid ..... 15°750 Manganesic acid .... 67500 
. ether......19°250 Margaric acid’)... . 33°000 
Hydrocyanic acid... 3°375 Mellitic acid ...... 67125? 
Hydrogen ......... 07125). Meréury; ..2V nN: « 24°000 
Hydroguret of aati 1695  Molybdenum....... 6:000 
phorus mae rite Molybdic acid...... 9°000 
Hyponitrous acid ... 4750 Molybdous acid . 8-000 
Hyposulphuric acid . 9000 Morphia ...... 4 4.0°2.50 
Hyposulphurous acid 3°000 Muriatic acid ...... 4625 
| 1 Muriatic ether. 0.6. 8°125 
JODIC. ACI. 0.6 wierein nies an ZOrOZ5 Espigidh 
Iodide of barium ... 24375  Nephrin........... 8.7.50 
bismuth. ..624°500°,.. NGCKEl | sae, 3°250 
—»—— cadmium.. 22°625 Nitrous acid........ 5°750 


calclum.,.. 18°125 


Nitric acid’... 


eon vn 029 


titanium ,, 


20°000 


646 APPENDIX. 
Weight of Weight of 
atom. atom. 
Os, Peroxide of uranium 34°250 
Olefiant gas ....... . 1750 Perey phuret of sie 12°875 
Oleicacid..... pele SECOOO\ haetne ure ace m 
Orpiment.......... 15°500 has fess OU 
Brankicacibisestens oeodeSO0. wg ea) Oe ee ene 17 eae 
Oxide of bismuth... 9°875 hiss eee OTD 
~~ padiniven 8-000 Phosphoric acid .... 3°500 
palladium . 8°000 Phosphorous acid ... 2°500 
————selenium’.. 6 125 FE hosphorus . 7 desde - 1°500 
Leal lees 14°'750 Phosphuret of carbon 2°250 
a ee talluxizim . .. .5:000 ; sulphur . 3°500 
— zinc 5950 6 lerotoxia .......+. 45°000 
Raney Platinum * . 29°625 
Q36,1fe4 2) 1B a Be OI 1:000 
ts | ‘ Potash ..... os HET BEBO 
P Potassium .........  5°000 
‘Palladium ........- 7000 oC of 2 19-500 
Perchloric acid ..... 11°500 es Shecpuonte pla 
Perchloride of copper 17:000 ats 7 See 
PAL a Cane Protosulphuret of tin 9°375 
———— phosphorus 10°500 
i seas Protoxide of azote .. 2°750 
liven ae : ; 
ree ay ) | CELNUN » eveieiie' 6°77 50 
et ot He sae 32°750 ——— chlorine .... 5°500 
Peroxide of barium.. 10°750 — cobalt...... 4°250 
— cerium ... 14°500 yas sree 9°000 
bt mee CODAlE Laws 0719900 a sisi ehsite a 875 
—————- copper ... 10°000 Tea ; 500 
eed gold ges7B TO EE DRE Rea 14°000 
Withs iron 1901800 manganese.. 4°500 
picks 2 lead pening. Oar mercury .... 26°000 
manganese 5°500 ~ molybdenum  7:000 
c iA ° 0 
ae mercury oe 2'7°000 : nickel eocesee A 250 
iis Sy aid l IG enema platinum ... 23°625 
is oe inti SOR eOH Nae GEL meee 
Gite > thedinm sdOGs h Rrl lou. eon & 8°375 
peat itt 9°3°75 Purpuric acid ...... —— 
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APPENDIX. 
Weight of Weight of 
| atom. atom. 
R Sulphuret of palladium 9-000 
Realgar ..... ADA EN 13°500 potassium .. 7°000 
Red oxide of lead... 29°000 © ~~~ silver -+++ 15°750 
Rhodium .!....... _ 15000 ———— sodium... 5°000 
ee HICH. . hth 2750 
S ——. ZINC.» + 4 s's)0 0 8250 
Saclactic acid -...... 19125 ae ees etted by ‘ai 9195 
saya Said reetive sae jan Savane ACICAtesehacs . 5°000 
(Selenium «0. cess . 8125 3 
j 7, , —ether..... 4°625 
Seleniuret of arsenic 14°625 Sulphurous acid ..... 4°00 
Seleniuretted- hydrogen 5°250 
Sesquisulpburet of 8195 oT 
selenium ..... +>. i 
SHAPES saan ses 2°000 Yannin ieee fy tole f 8°875 
Cee Ma Ge bia aye T artaric eS Ce 8°375 
Siveti om. -jacsh ands 13°750 ae tale i ttatty at ie 
Soda bees: Rab TR Ue hare ete dite 
; Pitanlum .....22506 18°000 
Sedbimprsicnnngee sith Tungsten .......... 12°000 
Starch... -+ssersees LiTee Tungstic acid ...... 15°000 
Strontian ......--- os SOO. .. 
Strontium ...6-...- 5°500 U 
Shgebas fre eth. 47°623 | tyeanium'. ). 0.2 <2 2 15685 
Sub-bichloride of $°500 Uric acid 5695 
sulphur ..¢.°.-- ay 5 ate ‘ 
Succinic acid ..... .» 6°250 Ww 
Sugar .......++: »» 10°125 
Sulphochyazic acid.. 7°375 Water mgs sec os 125 
Sulphur .......---- 2°000 y 
Sulphuret of bismuth 10°875 | 
ds cadmium . 9°000 Yttria dats Be SS cao 
carbon... 4°750 °YttrHM wy. sivere rn - 4000. 
eet ‘CODES, 4. -°O' 250 
————- copper ... 10°000 L 
eee ee TOM Tee ao O00 | V¥ame tend Ae Titres 4°125 
merpeere LAL A tests 15°000 * Zirconia 26 42% Mi 5625 
——_———- mercury... 27000 ~Zirconium ......... 4°625 
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TABLE III. 


Specific Gravity of Gases. 


GASES saa 
ieee galled a sis «48 ba wre oe) LOOT 
Vapour of iodine........... 8°6805 
Hydriodic ether...... mile WON ose 5°4750 
Oil of turpentine vapour .... 5°0130 
Hydriodic acid....... ececes 4°3750 
Fluosilicic acid ....... cesses CIOL ED 
Chlorocarbonic acid ........ 34722 
CUlovic Cther ue 3G ae pis o/s puns 3°4750 
Sulphuric acid vapour ...... = DRT TT 
Sulphuret of carbon vapour . « 2°6447 
Sulphuric ether vapour ...... 2°5666 
COT OITIE finials a 8 e cauas seen 2°5000 
Protoxide of chlorine........ QA Arde 
Fluoboric acid ..... bet shine BRAG 
Sulphurous acid............ 9:9999 
Muriatic ether .......ee¢+++ 99190 
Chlorocyanic acid vapour .... 2°1520 
Cyanogen .....++++. anes » 1:8055 
Alcohol vapour .......... -* 16133 
Protoxide of azote .......06. 
Carbonic acid..... 5 sie saree ale ke 15277 
Muriatic acid ........ Set ae 1°284'79 
Sulphuretted hydrogen...... 11805 
Sulphur vapour ......+...5. 1'1lll 
OXYZEN .e cece eee cree ee rees 1‘1lll 
Deutoxide of azote ........-: 1°0416 
Hydrocarbonic oxide ....... 0°9930 
Olefiant gas.....ss cece. eee 09722 
Ue ay RAMU ge EU aa A meet 2 0°:9722 
Garbonic OX1dE.s <0 4 sisj0,0e eee 0:9722 


Bihydroguret of phosphorus. . 0°9722 
Hydrocyanic acid vapour .... 0°9368 


Laer eet: 


oeeeee 


esveeee 


@eoe0o0545040e 


Weight of 100 
cubic inches, 


in grains, 


30°5000 


264°7550 


166°9870 
152°8960 
133°4340 
108°0020 


105°9020 


105°2570 
846980 
80°6630 
781833 
76°2500 
745555 
72°3120 
677777 
67°6790 
65°6360 
55°0694 
49-2060 
4.6°5972 
4.6°5972 
39°1839 


— 86:0069 


33°8888 
33°8888 
31°7708 
30°3470 
29°6527 
29°6527 
29°6527 
29°6527 
28°5720 


APPENDIX. 


GASES. | Specifie 
gravity. 


Hydroguret of phosphorus ... 0:90277 
Phosphorus vapour ......... 0°8333 
CCRT ig sees « fimo cee \e . 0°6250 
ATAMIONIA ¢ ‘eno oe eee das vs OSB 9027 
Carburetted hydrogen ....... 0°5555 
Carbon vapour .......+0++++ 0°4166 
Hydrogen ......ssseeeese++ 0°0694 
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Weight of 100 
cubic inches, 
in grains. 


27°53'76 
25-4166 
19°0620 
18°0035 
16°9444 
12:6083 

2-1180 
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Air, tii. 162 
how reduced to a given den- 
sity, i. 172 
in the swimming bladders of 


i 


ACANTICONE, vol. iii. p. ar4 


Aceric acid, iv. 211 ! 


Acetates, ii. 142 
Acetic acid, 11. 135 
in animals, iv. 442 
in plants, iv. 3 
Acetous acid, ii. 138 


Acid principle, opinions respect-_ 
| Alburnum, iv. "319 
| Alchymists, i. 4 


ing, li. 81 
Acids, ii. 80 
how distinguished, ii. 226 
with a simple basis, ii. 81 
combustible, i. 134 
composition of, 1. 225 
freezing of, 1. 49 
in plants, iv. 3, and 186 
in animals, iv. 439 
Actinolite, ili. 368 
Adamantine spar, ii, 254 
Adepts, 1. 4 
Adipocire, iv. 566 
Adularia, i1. 330 
Aerated alkaline water, 11. 97 
Aerial acid, ii. 93 
Ais, 1, 471 
fEtites, i. 481 
Affinity, iii. 1 
homogeneous, ill. 6 
heterogeneous, ill. 7 
whether a definite force, 
iii. 13 
whether elective, iii. 15 
tables of, 111. 8 
Agalmatolite, ii. 359 
Agaric mineral, ill. 385 
‘Agaricus acris, iv.290 
bulbosus, iv. 290 
campestris, iv. 289 
juglandis, iv. 291 
muscarius, ibid. 
piperatus, iv. 290 
stypticus, ibid. 
theogalus, iv. 291 


volvacens, iv. 289 ° 


| Alalite, iii. 377 
| Albumen, iv. 398 


| Ale, iv. 373 


fishes, iv. 533. 
inflammable, i. 217 


uncoagulated, iv, 401 
coagulated, iv. 405 


Alcioniun, iv. 460 


| Alcohol, ii. 318 


its composition, ii. 337 
action, on solids, iii. 104 
of sulphur, i. 293 


Algaroth, powder of, i. 552 
Alkali, affinities of, iii. 141 
aluminated, ii. 74 
fixed, i. 49 
fossil, i. 336 
mineral, i. 336 
phlogisticated, ii. 294 
prussian, ibid. 
silicated, il. 103 
vegetable, i. 328 
volatile, ii, 27 
Alkalies, ii. 26, and 49 
invanimals, iv. 443 
in plants, iv. 187 
Alkalinity, 1. 323 
Allagite, iii. 497 
Allanite, iii. 501 
Allochroite, iii. 282 
Allophanite, 111. 303 
Alloys, table of, i. 547 
Alluvial formations, iii, 579 
Almonds, iv. 270 
Aloes, iv. 163 
Alum, il. 537, and ii. 418 
burnt, i. 538 
cubic, ii. 540 
earth, iii. 431 
slate, 1. 346 
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Alum stone, ili. 340 

Alumina, i. 373, and ii. 74 
salts of, 11.535 
acetate of, 11.542 
arseniate, ibid. 
benzoate, ll. 543 
borate, 11. 536 
camphorate, ii. 543 
carbonate of, 11. 536 
fluate, 11. 283 
gallate, 1 ii, 544 
gelatinous, 1.373 
hyposulphite, ii. 542 
lactate, ii. 544 
malate, ibid. 
mellate, ibid. and ili. 419 
muriate, ll. 255 

' nitrate, il. 535 
oxalate, 11.543 
phosphate, ii. 536, and 
i. 420 


Ammonia antimoniate, li. 418 
arseniate, il. 417 
arsenite, ii, 418 
benzoate, ii. 420 
bicarbonate, il. 414 
borate, il. 414 
camphorate, ii. 420 
carbonate, ii. 413 
chlorate, 11. 230 
chromate, ii. 418 
citrate, il. 422 
composition of, ii. 36 
dissolves pxidlesi ii. 32 
fluate, ii. 281 
fluosilicate, li. 287 
formate, i1. 423 
hydriodate, ii. 276 
hydrosulphuret, ii. 698 
hypophosphite, 11. 415 
hyposulphite, il. 416 


saclactate, tl. 544 
seleniate, i. 542 


silicate, ii. 536, and iil. 


492, 
soap, il. 716 


soluble in alkalies, i ii. 74: 


spongy, 1. 373 
suberate, 11.543 
succinate, ibid. 
sulphate, li. 536, 540 
subsulphate, ii. 418 
sulphite, 11. 541 


supersulphate, ii, 537 


tartrate, 11. 544 
tungstate, 11. 542 
urate, il. 544 
Aluminite, iil. 418 
Aluminum, i. 372 
Amalgam, i. 491 
of silver, ili. 443 
Amber, iii. 428, and iv. 144 
salt of, 11. 150 
varnish, iv. 146 
Ambergris, iv. 435 
Amblygonite, ill. 335 
Amethyst, ii. 291 
Amianthus, ili. 364 
Amiatiti, iii. 300 
Ammonia, i. 224, and ii. 26 
acetate of, ii. 419 


action of potassium on, 
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iodate, ii. 272 
lactate, 11. 422 
liquid, ii. 27 
malate, 1, 422 
mellate, ibid. 
molybdate, i. 418 
moroxylate, 11. 420 
muriate, 11.248 
nitrate, 11. 413 
oxalate, i. 421 
phosphate, il. 414 
phosphite, il. 415 
saclactate, 11.422 
salts of, 11. 411. . 
seleniate, ii. 417 
soap, li. 715 
suberate, il. 421 © 
succinate, ii. 4.20 
sulphate, ii, 415 
sulphite, ii. 416 
sulphuret, ii. 30 
tartrate, ii. 422 
tungstate, ii. 418 
urate, ii. 422 
Ammoniac, i Iv. 162 
fixed, i. 350 
vitriolated, 11.415 
Ammonium, ii. 36 
Amnios, liquor of, iv, 527 
human, iv. 528 
of cows, iv. 530 
Amniotic acid, iv. 441 
Amphibole, iii; 366 
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Amphigene, lil. 277 
Amygdaloid, iii. 569 
Analcime, ill. 320 
Anatase, ll. 518 
Anatto,iv.272 
Andalusite, iii. 326 
Andreolite, iii. 321 
Andropogon schzenanthus, iv. 225 
Anhydrite, ili, 406 
Animal poisons, iv. 531 
heat, iv. 617 
substances, iv, 390, 443 
Animals, iv. 388 
decomposing of, iv. 631 
functions, of, iv. 588 
parts of, iv. 445 
saccharine matters of, 
iv. 423 
Anime, iv. 134 
Anthrazothion, i, 302 
Anthracolite, ili. 389 
Antimonial silver ore, iii. 448 
sulphuret of silver, iil. 
4.50 
Antimonic acid, i, 553, and ii. 128 
Antimonious acid, i, 552, and ii. 
129. 
Antimony, 1. 549 
acetate of, 11. 692 
alloys of, 1. 556 


Antimony, sulphuret, i. 555. 
tartrate, 11. 692 
white ore of, ii. 546 
Ants, acid of, ii. 195 
oil of, iv. 434 
resin of, iv, 439 
Apatite, ii. 400 
Aphrite, iii. 385 
Aplome, ii, 286 
Apophyllite, iii. 319 
Aqua fortis, ii. 82 
Aqueous humour of the eye, iv. 


519 
Aquila alba, 1. 485 
mitigata, ibid. 

Arbor Diane, 1. 497 
Arcanum duplicatum, ii. 435 

tartari, 11. 442 
Archil, iv. 285 
Arctizite, li. 336 
Arendate, ui. 274 
Argentine, ill. 384 

flowers of antimony, I. 
552 

Argentum vivum, 1. 479 
Argil, i. 373 
Argillite, 11. 34:7 
Arnica montana, iv. 249 
Arragonite, iii. 390 
Arseniates, 11. 125 » 


argentine flowers. of, | Arsenic, i. 304 


i, 551 
salts of, i. 689 
benzoate, 11. 692 
butter of, i. 554 
chloride, 1. 554 
expansion of, i. 44 
grey ore of, iil. 544 
hydrosulphuret, ii. 
707 
native, ill. 543 
nickeliferous sulphu- 
ret, ili, 545 
ochre, ill. 546 
ores of, ili. 543 
ores, analysis of, 111.613 
oxalate, 11. 692 
oxides of, 1. 551 
phosphuret, i, 555 
red ore of, iii. 546 
seleniuret, 1, 556 
succinate, ll. 692 


acid, 1. 306 
alloys, 1.335, 342, 402, 
409, 436, 449, 459, 
. 469, 491, 500, 508, 
525, 556, 566 
bloom, iii. 411 
butter, 1. 308 
chloride of, ibid. 
hydrosulph uret, ii, 710) 
iodide of, i. 309 
native; ill. 548 
native oxide, ili. 550 
ores, i. 547, 614 
_ oxides of, 1. 305 
phosphuret of, 1. 311 
sulphuret of, ibid. 
white, 1. 305 
Arsenical neutral salt of Macquer, 
il. 438 
pyrites, iii, 545 


_Arsenious acid, i. 305, and il. 125 
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Arsenites, tl. 126 z 
Arseniuretted hydrogen, 1. 309 
Asafeetida, iv. 165 
Asbestus, 11. 364 
Asparagin, iv. 63 
Asparagus, iv. 241 
stone, iil. 401 
Asphalt, 11. 398 
Assimilation, iv. 625 
atmosphere, ili. 160 
as food of plants, iv. 
315 
composition of, iii. 
165 
stones from, iii. 184 
unknown bodies in, 
iil. 181 
Atomic theory, account of, iii. 17 
Atropa belladonna, iv. 24:2 
Attraction explained, iii. 2 
Aubier, iv. 312 
Augite, iii. 376 
Auriferous silver, iii. 44'7 
Auripigmentum, ii. 550 
Aurum graphicum, iii. 4417 
musivum, musicum, 
mosaicum, i. 458 
paradoxicum, ili. 441 
Automalite, mi. 251 
Axestone, iil. 361 
Axinite, iii. 276 
Azote, 1. 202 
chloride of, 1. 210 
deutoxide of, i. 207, and 


or 


Sala 
iodide of, 213 
oxides of, it. 3 
protoxide of, 1.206, and il. 3 
given out by plants, iv. 345 
Azotic gas, 1. 203 
Azotites, ii. 7 
Azure stone, iit. 421 
Azure de cuivre, til. 464 
B 
Baikalite, iii. 375 
Balass ruby, ili. 252 
Balm of Gilead, iv. 152 
Balsam of Canada, iv. 131 
of Copaiva, iv. 152 
of Peru, iv. 154 
of sulphur, ii. 367 


5 
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Balsam of Tolu, iv, 754 | 
Iv. 15¥ °+: 
liquid, ibid. 
solid, iv. 157 
Baltic, ili. 205 
Balneum regale, 1. 558 
Barilla, i. 336, and ii. 451 
Barium, 1. 352 
chloride of, 1.356 
iodide of, i. 358 
peroxide of, 1. 356 
Barley, iv. 259 
malting of, iv. 366 
Baroselenite, lil. 413 
Barote, i. 353 
Barras, iv. 131 
Barytes, i. 352, and ii. 66 
salts of, 11. 496 
acetate of, 11. 503 
antimoniate, ibid. 
antimonite, ibid. 
arseniate, il. 502 
arsenite, ibid. 
benzoate, ii. 504 
boletate, 11. 505 
borate, 1. 498 
camphorate, li. 504 
- carbonate, ii. 497, and 
iti, 412 
éhlorate, ii. 234 
chromate, ii. 503 
citrate, ii. 506 
fluate, li, 282 
fluosilicate, ii. 288 
formate, ii. 506‘ 
gallate, ii. 507 
hydrates of, ii. 67 
hydriodate, ii. 277 
hydrosulphuret, ii. ‘700 
hypophosphite, il. 499 
hyposulphite, ii. 501 
hvposulphate, ii. 502 
iodate, ii. 274 
lactate, ii. 507 
malate, ii. 506 
mellate, 11. 505 
muriate, 1. 357 
nitrate, 11. 496 
‘oxalate, ii. 505 
phosphate, ii. 498 
phasphite, ii. 499 
phosphuret, ii. 68 
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Barytes, saclactate, ii. 506 
seleniate, 1 ii. 502 
silicate, ii, 498 
suberate, ii. 505 
succinate, il. 504 


sulphate, 11. 500, and iii. 


413 
sulphite, it, 501 
sulphuret,. it, 68 
tannate, ii. 507 
tartrate, il. 506 
tungstate, ii. 503 
urate, il. 506 
water, il. 64 
Basalt, ii, 380 
Basaltine, octahedral, iii. 376 
Basanos, tii. 296 
Bdellium, iv. 170 
Bean, iv. 266 
Bee, venom of, iv. 533 
Beer, iv. 366 
Bell metal, i. 473 
Benzoates, ii. 148 
Benzoic acid, ii. 146 
plants containing, 
iv. 7 
in animals, iv. 440 
Benzoin, iv. 157 — 
flowers of, it. 146 
Bergmannite, lili. 336 
Bergman’s doctrine of affinity, iii. 
11 
Berthollet’s owtiiir’ of affinity, 111. 
1] 
Beryl, ili. 265 
shorlous, iti. 261 
Bezoardic acid, ii. 184 
Bezoars, iv. 562 
Bihydroguret of carbon, i. 235 
of phosphorus,i.272 
Bildstein, iii. 359 
Bile, iv. 509, 593 
of ateles arachnoides, iv. 512 
fishes, ibid. 
fowls, iv. 511 
human, iv. 512 
the sow, iv. 511 
use of, iv. 596 
Biliary calculi, iv. 565 
Birdlime, iv. 118 
Bismuth, 1.475 
alloys of, i.492,501, 511, 
526, 532, 567, 573 
salts, li, 652 


HAGUE acetate offi 11,655 
arseniate, ibid. 
benvaule, ibid. 
borate, ii. 654 
butter, i. 477 
carbonate, li. 654 
chloride, i. 477 
cupreous sulphuret, lil. 

528 
expansion of, 1. 44 
glance, lil. 527 
iodide, i. 4°78 
magistery, ii. 653 
molybdate, ii. 655 
muriate, iis 262 
native, ili. 527 
needle ore of, ili. 528 
nitrate, ii. 652 
ochre, ili. 529 
ores, ili. 526 
analysis of, iii. 614 
oxalate, ii. 656 
oxides of, i. 476 
phosphate, ii. 654: 
seleniuret, i. 479 
succinate, il. 655 
sulphate, ii. 654 
sulphite of, ibid. 
sulphuret, iii. 478 
tartrate, ii. 656 
Bitter principles, iv. 49 
artificial, iv. 34 

Bittern, ii. 521 

Bitter spar, iii. 394 

Bitumens, ii. 393, and iii, 430 

proper, ii. 398 


Bituminous oils, ii. 393 


marl slate, iii. 399 
Black, Dr. his theory of latent 
heat, i. 51 

Black cobalt ore, li. 508 

copper ore, ili, 459 

jack, iii. 522 

lead, i. 227 

lead ore, iii. 535 

ore of manganese, iii. 494 

ore of tellurium, i iil. 44:2 

poplar resin, iv. 136 
Bleaching powder, ii. 239 
Bleischimmer, i lll, 533 
Bleiniere, iii. 541 
Blende, iii. 522 
Blight, iv. 302 
Blisters, liquor of, iv. 587 
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Blood, iv. 489 
colouring matter of j iv. 412 
effect of different gases on, 
iv. 608 
how altered by respiration, 
iv. 613 
diseased, iv. 493 
of the foetus, ibid. 
Blowpipe, ili. 242 
Blue carbonate of copper, iil. 464 
calx of copper, ibid. 
iron earth, ill. 485 
lead ore, iis 531 
flowers, iv. 245 
spar, i. 325 
vesuvian limestone, iii, 388 
Bog-iron ore, ili. 482 
Boiling points, table of, i. 58 
explained, ibid. 
Bole, iii. 357 
Boletates, il. 156 
Boletic acid, ii. 155 
Boletus igniarius, iv. 293 
laricis, iv. 292 
pseudo igniarius, iv. 293 
viscidus, | iv. 291 
Bologna stone, ii. 500 
Bones, iv. 446 
fossil, iv. 452 
earth of, iv. 448 
Boracic acid, i. 241, and ii. 100 


composition of, i. _ 


245 
Boracite, iii. 4:17 
Borax, i. 241, ii. 454, and iti. 426 
Boron, i. 241 
chloride of, i. 245 
Botany Bay resin, iv. 134 
Botryolite, il. 409 
Bournonite, ii. 531 
Boyle, fuming liquor of, i. 30, 
698 
Brain, iv. 474 
Brandy, il. 318 
Brass, 1.470 
Brassica oleracea, iv. 24:4 
Brazil wood, iv. 227 | 
Brewing, iv. 369. 
Brimstone, i. 277 
Brionia alba, iv. 218 
Brittle silver ore, ili. 449 
Bronze, i. 473 
Bronzite, li. 873 | 
Brown cobalt emis iii. 508 


OR 


INDEX. 


Brown hematite, iii. 480 
_ Iron ore, iil. 480 
- lead ore, iii. 537 
ore of titanium, iii. 521 
spar, ili, 397 
Brucia, 1 i. 45 
muriate of, ii. 253 
salts of, il. “415 
Bucholzite, iil. 499 
Buffy coat of blood, iv. 494 
Bulbs, iv. 276 
Buntkupfererz, iii. 457 
Butter, iv. 496 
of bismuth, i. 477 
, of wax, iv. 104: 


C 


Cadmia, i. 429 
Cadmium, i. 437 
chloride, 1 i. 440 
jodide, i. 44:1 
oxide, 1.439 
phosphuret, 1. 442 
sulphuret, 1. 449 
muriate, ii. 261 
salts of, ii. 600 
acetate, ii. 602 
carbonate, ii. 600 
citrate, 11.602 
nitrate, 11. 601 | 
oxalate, ii. 602 
phosphate, ibid. 
sulphate, ibid. 
tartrate, ibid. 
Caffein, iv. 52 
Calaguala, iv. 219 
Calamine, i iil, 524: 
Calamite, ill. 368 
Calcareous acid, il. 93 
spar, ili, 387 
Calcedony, ili. 297 
Calchantum, ii. 553 
Calcium, i. 347 
chloride we i. 350° 
iodide of, i. 351 
oxide ak i. 349 
Calcsinter, iii. 388 
Calctuff, ibid. 
Calculi, biliary, iv. 565 Vi 
urinary, iv. 568 
arranged, iv. 575. 
solvents for, iv. 579 
of inferior animals, iv. 580 
Calomel, i. 485 
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Caloric, i. 26 
and electricity, analogy 
between, 1. 155 


Caseic acid, iv. 499 
Cassaya, iv. 78 , 
Cassius, precipitate of, ll, 268 


escape from surfaces, 1.75 | Cast iron, 1. 388 


_ how conducted, i. 37 
latent, 1. 51 
nature of, 1. 118 
of evaporation, i. 71 
of fluidity, i. 51 
radiation of, 1.75 
sources of, i, 124 
specific, 1.96 . 
| table of, i. 101 
Calorimeter, 1. 98 
Camphor, iv. 109 
artificial, iv. 115 
oil of, iv. 112 | 
Camphorates, ii. 155 ~ 
Camphoric acid, ii. 154 
Cancer, matter of, iv. 586 
Cannon metal, 1. 473 
Cantharidin, iv. 426 
Caseic acid, iv. 499 
Caoutchouc, iv. 17 
~ mineral, ii. 400, and 
ili. 430 
Capacity for heat, i. 97 
Caranna, iv. 170 ii 
Carbon, i. 225 
- absorption of gases by, i. 
227 
combustion of, 1. 230 
phosphuret of, 1. 276 
sulphuret of, 1. 293 
Carbonates, 11. 96 
Carbonic acid, i. 230, and ii. 93 
in the atmosphere, 
a To 
in animals, iv. 440 
absorbed by plants, 
iv. 540 
emitted by plants, 
iv. 350 
oxide, i. 231, and ik 
2). . 
Carburet of manganese, i. 420 
Carburetted hydrogen gas, 1. 238 
Carica papaya, iv. 98 
Carinthine, 11. 367 
Carnelian, ili. 298 
Caromel, iv. 21 
Carrying power, what, i. 91 
_ Carthamus, iv. 247 
Cartilage, iv. 449 © 
voL. IV. 


t 


| Caustic, 1. 328 


Castor, iv. 437 

Cat’s eye, lil. 293 

Catechu, ti. 213 . 
extractive of, iv. 59 


lunar, ii. 666 
Cautery, potential, ibid: 
Celestine, ili. 414 
Cementation, 1. 390 
Cerasin, iv. 64 
Cerate, iv. 105 
Cerin, iv. 104: 

Cerite, iil. 500 
Cerium, i. 422° . 

salts of, i. 584 

acetate, 11. 586 

arseniate, ibid. _ 

benzoate, 11. 587 

carbonate, Hi. 585 

carburet of, 1. 424 

citrate, ii. 587 

- fluate, 111.503 

molybdate, ii. 586 

rouriate, il. 260 

nitrate, il. 584 

oxalate, il. 587 

oxides of, i. 424 

phosphate, ii. 585 _ 

phosphuret of, 1. 424 

seleniate, il. 587 

succinate, 1. 587 

sulphate, 11. 585 

sulphite, 11, 586 

sulphuret of, i. 425 

tartrate, ii. 587 

ores of, 111. 500 
Cerumen of the ear, iv. 513 
Ceruse, ii. 608 
Cetic acid, li. 391 
Ceylanite, ili. 250 
Chabasite, 111. 320 
Chalcolite, iv. 499 
Chalk, iii. 385, 574. | 

black, iii. 346— 
silvery, iii. 385 
stones, iv. 582 
Charcoal, 1. 223 
action on gum, iv. 37 


proportion yielded by 
different trees, iv. 182 


bes 
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Chemical combination, heat from, Cinnamon, iv. 238 


1. 156 stone, iil, 289 
Chemistry, definition of, i. 2 Cistic oxide, iv. 573 
origin of, i. 3 Citric acid, ii. 176 
as ascience,i.8 plants containing, iv. 5 
object, i. 11 formed from gum, iv. 
Chenopodium olidum, iv. 244 38 
Cheese, iv. 499 Civet, iv. 438 
Chert, iii. 298 Clay, iil. 341 
Chiastolite, iii. 327 common, ili. 34] 
Chlorates, ii. 230 iron-stone, Hi. 481, 484 
Chloric acid, i. 186, and ii. 229 potters, iii. 342 
Chloride, i. 182 slate, ili. 342, 347, 559 
of azote, i. 210 stone, ili. 343 
sulphur, i. 287 variegated, ili, 342 
manganese, 1. 420: Clink-stone, i lll. 8380 
zinc, 1.433 Club-moss, iv. 273 
cadmium, i. 440 | Clyssus, ii. 4:27 
lead, 1.448 Coal, ii. 401 
tin, 1. 455 | brown, i iil. 431 
copper, 1. 466 black, iii. 432 
bismuth, 1. 477 . glance, ii. 435 
mercury, 1. 483 cannel, iii. 433 
selenium, i i, 300 earth, i. 431 
silver, i. 496 formation, ili. 571 ‘ 
phosphorus, i. 268 Kilkenny, iii, 435 
platinum, i. 521 paper, iii. 432 
antimony, i. 554 moor, ibid. 
Chlorides, ii. 238 slate, ili. 433 
table of, i. 543 Cobalt, i. 409 
Chlorine, i. 180- alloys of, i. 413, 436, 450, 
protoxide of, i. 183 460, 501 
deutoxide of, i. 185 salts of, ii. 572 
compounds of, ii, 228 acetate, 11.575 
Chloriodic acid, i. 193 ammonionitrate, ii. 576 
Chlorite, iii, 351 antimoniate, ii. 575 
Chlorocarbonic acid, i. 234 antimonite, ibid. 
Chlorocyanic acid, ii, 289 arseniate, ii. 574 
Chloruret of iodine, i. 195 borate, ii. 573 
Chromic acid, i. 561, and ii. 130 carbonate, ibid. 
Chromium, i. 558 chloride, i. 413 
ores of, iii. 618 - fluate, ii, 283 
Churning, iv. 496 lactate, ii. 576 
Chyle, iv. 487, 597 muriate, li, 258 
Chrysobery], iii. 258 ee nitrate, ii. 573 
Chrysocolla, ii. 454 ores, ill. 505, 615 
Chrysolite, iii. 3'78 oxalate, ii. 575 
Chrysophrase, iii, 298 3 oxides of, i, 411 
Chyme, iv. 590 phosphate, ii. 573 
Cimolite, iii. 355 phosphuret, i. 413 
Cinchona, iv. 23] | ; pyrites, ili. 507 
Cinnabar, i. 489 seleniuret, i. 413 


native, ili. 444: seleniate, ii. 574 
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Cobalt, soap, ii. 717 | 
sulphate, ii. 573 
sulphuret, 1. 413 
tartrate of, ii. 575 
ore, black, iti. 508 

brown, ibid. 
glance, ili. 507 
grey, ill. 506 
red, 111. 509 
white, ii. 505 
yellow, ii. 509 

Cobalus, i. 409 

Coccolite, iii. 376 

_ Cocculus indicus, ii, 4:7 

Cochenilin, iv. 427 

Coco, iv. 270 

Coffee, iv. 268 

Cohesion, iii. 107 

Coin, gold, i. 514 

silver, i. 501 
Colcothar of vitriol, i. 554 
Cold, i. 112 

reflection of, 1. 113 

Collyrite, iii. 355 

Colophonite, lil, 283 

Colour, iii. 234 

Colouring matters of plants, iv. 4:7 

Columbic acid, ii. 132 

Columbite, iii. 504 

Columbium, i. 574 

Combination, ii. 133 

Combinations by heat, iii. 40 

spontaneous, lik 39 

Gahuaele bases, ii. 26 

Combustibles, i. 427 

heat given out by, 
1,141 
acidifiable, 1. 216 
alkalifiable, i. 323 
simple, i. 215 
compound, il, 317 
analysis of, iii. 600 
without inflamma- 
‘tion, i. 147 
Combustion, i. 128 
opinions relative to, 
ibid. 
Berzelius’ theory of, 
i, 161 
saree i theory of, 
30 
ye tna of, i. 135 
supporters of, i. 137, 
173 
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| Compounds, ii. 1. 


primary, ii. 2 
secondary, ii. 405 
Concretions, morbid, iv. 559 
Condensation, heat evolved by, i. 
147 
Conductors of caloric, i. 87 
electricity, 1. 166 


-|Conium maculatum, iv. 244 


Contagion, ili, 182 
Cooling, i. 108 
Cooling powers of gases, 1. 94 
Copaiva, iv. 152 
Copal, iv. 137 
Copper, 1. 462 
acetate of, ii. 643 
alloys of, i. 469, 493, 501, 
514, 527, 532, 536, 
557, 568,°573. - 
salts of, 11. 630 
ammonio-oxalate, ii. 648 
ammonio-sulphate, ii. 637 
anhydrous carbonate, lil. 
463 
antimoniate, 11. 643 
antimonite, ibid. 
arseniate, ii. 640, and iii. 
468 
arsenite, ll. 642 
azure, ill. 464 
benzoate, 1i. 645 
borate, ii. 632 
carbosilicate, ili. 467 
carbonate, ii. 632 
anhydrous, iii. 
463 
bismuthis, 111. 
466 
citrate, il, 651 
chlorate, ii. 237 
chlorides, i. 466 
chromate, ti. 643 
emerald, iii. 467 
fluate, 11, 284: 
formate, 1. 651 
glance, ill. 456 
hyposulphite, ii. 639 
iodide, 1. 467 
lactate, 11. 651 
martial arseniate, ill. 469 
mellate, ii, 650 
mica, iii. 468 — 
, molybdate, ii. 643 
2u% 
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Copper, muriate, it. 268, and ili. | Crystals, iii. 113 
469 


native, ili. 456 

‘nickel, iii. 511 

nitrate, 1. 630 

nitrite, 11. 632 

ores of, il. 455 

ores, analysis of, iii. 607 
oxalate, il. 645 

oxides, 1. 463 

phosphate, ii. 633, and 

ili. 470 

phosphuret, i. 467 
pyrites, iii. 457 
saclactate, 11. 651 
seleniate, i1. 639 
seleniuret, i. 468, and iii. 

4.59. 

silicate, i. 633,and ili.467 
soap, li. 718 , 

soda oxalate, i li, 647 
suberate, li. 645 
succinate, ibid. 

sulphate, ii. 634: 

sulphite, 11. 636 


sulphuret, i, 468, and iii. 
456 


tartrate, il. 650 
tinned, i. 474 
tungstate, li. 643 
white, i iv. 458. 
Copperas, li. 553 
blue, ii. 634 
Coral, iv. 459 
Cordierite, i111. 266 
Corivindum, iii. 255 
Cork, ii. 157 
rock, ili. 364 
Corneous mercury, ili. 446 
silver ore, iil. 4.54 
Corrosive sublimate, 1. 483 
Cortical layers, iv. 230 
Corundun, i. 255 
Cotton, iv. 176 
Cotyledons, iv. 304 
Couch, iv. 367 
Cream, iv. 495 
Crocus metallorum, ii. 690 
Cross-stone, iii. 321 
Croton eleutheria, iv. 236 
Cruor of blood, iv. 492 
Crusts, composition of, iv. 455 
Cryolite, ii. 283, and iii. 423 


Crystallization, iii. 111 
expansion during, 
1. 43 
nature of, ili. 113 
Cube ore, ili. 486 
spar, lil. 406 


Cubizite, iii. 320. 


Cucumber, iv. 275 
Cupellation, i 1. 447 
Cuprium, 1. 471 

Curd, iv. 497 

Catis, iv. 469 

Cuttlefish, bone of, iv. 455 
Cyanite, ill. 372 
Cyanogen, i, 235, and ti. 288 
Cymophane, iii. 258 


Dp 
Dalton, Mr. John, atomic theory 
of, iil. 17 


Daourite, ii. 271 
Daphnia, iv. 53 
Date-tree, pollen of, iv. 251 
Datholite, 11. 482, and i. 409 
Dead Sea, iii. 205 
Decomposition, ili. 135 

tables of, ii, 137, 

156 
of animal bodies, 
iv. 631 


Decrement, iii. 121 


Decrepitation, ii. 500 
Delphia, ii. 49 

salts of, ii. 478 
Delphinite, iii. 274 
Deoxidizing rays, 1. 21 
Dephlogisticated air, i. 177 
Deutoxide of hydrogen, i. 220 
Diallage, iii. 373 

rock, iii. 569 
Diamond, i. 228, and iii. 247 
Dichroite, iii. 266 
Digestion, iv. 588 
Diopside, iii. 377 
Dioptase, ili. 467 
Dippel’s animal oil, iv. 434 
Dipyre, iii, 322 : 
Disthene, iii. 372 
Distinct concretions, iii. 240: 
Dolomite, iii. 394 


| Draco mitigatus, i. 485 
| Dragon's blood, iv. 159 


INDEX. 


Drawing slate, il, 346 
Dropsy, liquor of, iv. 586 
Ductility, 1. 325 


E 
Eagle-stone, ii. 481 
_ Earths, 1. 56 
in plants, iv. 190 
whether formed in plants, 
iv. 317 
as the food of plants, iv. | 
316 . 
alkaline, 11. 58 
_ proper, il. 73 © 
in animals, iv, 443 
Earthy smell, 1. 374 
Egg shells, iv. 504 
white of, ibid. 
yolk of, iv. 505 
Eggs, iv. 504 
Eisenram, iii. 478 
Ekebergite, ili. 832 
Elain, i. 384 
Elaolite, iii. 337 
Elecampane, iv. 224 | 
Electricity, i. 159, 162 
analogy of, with heat, 
1. 155 
distribution of, i. 166 
as a source of heat, i. 
159 


| Fahl ore, ii. 458 
| Fassaite, ill. 375 
Fat, iv. 431 

| Feathers, iv. 483 
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Ether, formic, ii. 362 


hydriodic, ii. 359 
muriatic, ii. 356 
nitric, 11, 348 
sulphuric, ii. 340 
composition, ii. 344 


| Ethiop’s mineral, 1. 488 


martial, 1. 383 
per sé, 1. 48% 


| Euchlorine, 1. 184 

| Euclase, ii. 264 

Eudiometers, iil. 166 
Eudyalite, ili, 288 

| Eukairite, ili. 450 

Euphorbium, iv. 169 
Excitement, 1. 165 

| Excrementitious matter, iv. 553 
Expansion, 1. 26 


exceptions to it, 1. 39 


| Expectorated matter, iv. 516 
| Extract, iv. 56 


Goulard’s, ii. 617 


| Extractive, iv. 56 


species of, iv. 59 


| Eye, humours of, iv. 518 


F 


| Feces, iv. 553 

| human, ibid. 

of cattle, iv. 556 
of fowls, iv. 557 


resinous, 1. 164 
vitreous, ibid. 
Electrics, 1. 165 


Electrum, i. 517, and il. 439 | 
_ Elements, weight of, i. 319, 540. | 
Elemi, iv. 133 
Ellazic acid, 1. 223 
Emerald, iti. 265 
copper ore, iii, 467 
Emery, ill. 256 
Emetin, iv. 61 
Empyreal air, i. 177 
Emulsion, il. 377 
Enamel of the teeth, iv. 451 
Epidermis of animals, iv. 468 
of trees, iv. 229 

Epidote, ill. 275 
Epsom salt, 11. 520 
Ether, ii. 340 

acetic, 11. 360 


| Fecula, green, contains gluten, iv. 


| Felspar, ii. 330 


Labradore, ibid. 
compact, iii. 331 


| Fer oligiste, iii. 476 
| oxydulé, ili. 474 
| Fermentation, iv. 364 


acetous, iv. 385 
vinous, iv. 365 


Ferrochyazates, il. 319 
Ferrochyazatic acid, ii. 308 
Ferruretted chyazic acid, ibid. 
Fettstein, iit. 337 

Fibrin, iv. 98, 408 

Fibrolite, ii. 273 
Figure-stone, iii. 359 


chloric, i. 237, and il. 355 | Finery, i. 389 


| 
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Fiorite, tii. 300 
Fire-damp, i. 240 
Fish-scales, iv. 463 
Fixed, what, ii. 49 
air, li. 93 

Flake, white, i, 477 
Flesh, iv. 463 . 
Flexibility, i lil. 242 
Flint, iii. 296 

iron, lil. 294: 

slate, iil. 296 
Float-stone, iii. 344 
Flowers, iv. 245 

of sulphur, i. 278 
Fluates, ii. 280 
Fluidity produced by heat, i. 46 
Fluids conduct caloric, i i. 90 
Fluoborate of ammonia, ii, 286 _ 
Fluoboric acid, i. 24.5, and ii, 285 
Fluor, iii, 403 
Fluoricacid, 1.197, 223, andii, 280 
Fluorine, i. 196, and il. 279 
Fluosilicates, ii. 287 
Fluosilicic acid, i. 252, and ii. 286, 
Flux, black, ii. “429 
. whiter ibid. 

Foliated earth of tartar, ii. 44:2 


crystallized, li. 464: | | 


ore of tellurium, iii, 44.2 
Food of plants, iv. 311 
animals, iv. 588 
Formations, ili. 555 
alluvial, iii, 579 
floetz, iii. 569 
independent coal, iii. 
570 
new Paris, iii. 577 
primitive, iii. 556 
transition, lil, 565 
volcanic, iii, 580 
Formates, ii. 197 
Formic acid, ii. 195 
Fracture, ii) 239 
Franchipan, iv. 502 
Frangibility, iii. 242 
Frankincense, iv. 131 
Freezing, expansion by, i. 43 
contraction by, i. 45 
mixtures, i. 115 
of bodies, i 1, 48 
point, i, 47 
Friction, i. 151 
Frigorific particles, i. 113 


INDEX. 


| Fruits, iv. 274 
| Fuci, iv. 297 


Fulminating powder, ii. 429 
Fuller’s earth, iii. 358 
Functions of animals, iv. 588 
Fungates, iv. 288 
Fungic acid, ibid. 
Fungin, iv. 184 
Fustic, iv. 228 
G 
Gadolinite, i. 369, and ili. 501 
Gahnite, iii. 280 
Galbanum, iv. 162 
Galena, i. 449, and ili. 530 
Galipot, iv. 131 
Gall-stone, iv. 565 
Gallic acid, ii. 203 
plants containing, iv, 8 
Galvanic pile, i. 168 
trough, ibid. 
Galvanism, i. 167 
Gamboge, iv. 167 
Garlic, iv. 279 
Paes? ili. 284 
black, iii. 281 
common, iii. 285 
precious, ibid, 
white, ili, 277 
Gas, what, i. 175 


| Gases, ili. 19 


absorption by water, ili. 54 
combination of, iii. 39 
ditto with liquids, i iil, 53 
ditto with solids, iii.69 | 
as conductors of heat, i. 94 
constitution of, iii. 20 
elasticity of, iii, 21, 25 
. eXpansion of, i. 27. 
list of, iii. 22 
mixture of, iii. 29 
in the intestines, iv. 599 
in plants, iv. 216 
respirable, iv. 602 
specific gravity of, iii, 23, 
and iv. 648 
unrespirable, iv, 601 
water which they contain, 
ill, 26 
weight of their atoms, iii, 24 
Gastric j juice, iv. 592 
Gehlenite, iii. 325 
Gelatin, iv. 390 
oxygenized, iv. 392 


. INDEX. 


Gelberz, iii. 442 
Gellert’s table of decompositions, 
iii. 9 
Gentian, iv, 221 
Geoffroy’s table of affinity, 
Geognosy, iil. 551 
Germination, iv. 304 
Gieseckite, ili. 333 
Gin, il. 318. 
Glacies Marie, 11. 349 
Glance cobalt ore, iii. 507 
nickel, ili. 511 
Glands, iv. 474 
Glass, ii. 103 
expansion of, i. 34 
phosphoric, ii. 107 
Glauberite, ii. 408 - 
Glauber’s salt, 11. 458 
Gleadin, iv. 91 
Glucina, i. 371, and ii. 74 
salts of, il. 531 
acetate, il. 534 
carbonate, 11. 532 
chromate, i. 534 
chromo-sulphate, ibid. 
fluate, 11. 283 
hydrosulphuret, ii. 700 
muriate, 11. 256 
nitrate, u. 532 
oxalate, ll. 534 
phosphate, ii. 532 
seleniate, il. 534: 
succinate, 11. 534 
sulphate, ii. 533 
~ Glucinum, 1. 370 
Glue, iv. 396 
Gluten, iv. 90 
fermented, iv. 93 


ii, 9 


plants containing it, iv. 96 


Gneiss, iii. 558 
Gold, i. 503 


alloys, i. 508, 528, 532, 535, 


539, 557, 568, 573 
coin, 1. 514 
native, lil. 438 
ores of, iii. 437 
ores, analysis of, iii, 602 
oxides of, 1. 505 
salts of, 11. 676 
muriate, 11. 266 
nitrate, i. 677 
fulminating, 11. 32 

5 


663 


Gold, phosphuret, i. 508 
sulphate, il. 678 
sulphuret, 1. 508 
soap, ll. 718 

| Gorgonia, iv. 459. 

Goulard’s extract, 11.617 

Gouty concretions, iv. 582 

Grainer, iv. 471 

Grammatite, ii. 370 

Granatite, ili. 286 

| Granite, iii, 557 

Grapes, iv. 275 

Graphic gold ore, il, 441 

Graphite, i. 227, and ili. 435 

| Graugiltigerz, ii. 459 

| Gratiola officinalis, iv. 243 

| Gravitation, il. 5 

| Graywacka, iil. 567 

slate, ibid. 

| Greek fire, 11. 399 

| Green, Brunswick, 11. 651 

: Scheele’s, 11. 642 

colour of plants, iv. 347 

earth, i, 352 

lead ore, li. 537 

porphyry, ii. 562 

resin, iv. 13 

sand of Peru, ii. 469 

stone, ui. 561 

| Grey copper ore, 111, 458 

cobalt ore, 111, 506 

ore of antimony, ili, 544 

ore of manganese, iil. 

493 

| Grossularia, ili. 231 

| Guaiacum, iv. 147 

| Gun, iv. 34 

| arabic, iv. 41 
cherry tree, iv. 66 
congo, ibid. 
gut, iv. 167 
kuteera, iv. 42 
resins, Iv. 160 
Senegal, iv. 41 
tragacanth, iv. 64 
West Indian. iv. 67- 

Gummihedere, iv. 170 

Gun metal, i. 473 

Gunpowder, ii. 427 

Gurhofite, iii. 397 

Gypsum, i. 4385, and wi. 404, 
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H 


Hematites, brown, iii. 480 
red, iii, 479 
Hair, iv. 480 
Hairy concretions, iv, 562 
Hardness, iii. 241 
Harmotome, 111. 321 
Hart, horn of, iv. 462 
Hartshorn, ii. 27 
Hauyne, ili. 324 
Hazle-tree, pollen of, iv. 253 
Heat, i. 26 | 
~ animal, iv. 617 
conduction of, 1. 87 
during combustion, i. 141 
escape of, from surfaces, 
1.75 
latent, 1. 51 
nature of, 1. 118 
radiation of, 1. 75 
red, 1.23 
specific, 1. 96 
sources of, 1. 124 
Hedenbergite, ili. 489 
Heliotrope, i. 299 
Hellebore, iv. 218 
Helvine, iii. 283 
Hematin, iv. 48 
Hempseeds, iv. 268 
- Hepar sulphuris, il. 701 
Hepatic gas, 1.289 _ 
concretions, iv. 562 
mercurial ore, 1. 445 
Highgateresin, iy. 140 
- Ho-ang-lien, iv. 220 
Hohlspath, iii. 327 
Hollow spar, ili. 327 
Honey, iv. 425 
stone, iil. 419 
Hooke, Dr. theory of combustion 
by, 3. 129 
Hops, iv. 370 
Hornblende, iii. 366 
basaltic, ili. 367 
Labradore, iii. 374 
slate, iit. 366 
Hornmangan, jii. 497 
Horns, iv. 461 
of the hart and buck, iv. 
462 
Hornsilver, i. 496, and ni. 454 


INDEX. 


Hornstone, iii. 295" 
Horsechesnut, iv. 237 
Horseradish, iv, 224 
Hospital sore, matter of, iv. 585 
Humours of the eye, iv. 518 
Hyacinth, iii. 249 
blanche cruciform, iii. 
321 
white, iii. 339 
yields mucus, iv. 43 
Hyacinthine, iii. 279 
Hyalite, iii. 301 
Hydnum repandum, iv. 293 
hybridum, iv. 294 
Hydrargillite, iii. 420 
Hydrargyrum, i. 479 
Hydrates, ii. 16, 405 
Hydriodates, ii. 276 
Hydriodic acid, i, 222, and ii, 276 
Hydrocarbonic oxide, i. 232 
Hydrochloric acid, i. 222, and ii. 
242 
Hydrocyanic acid, ii. 291, 298 
plants containing, 
AAV dia oC 
Hydrogen, i. 216 
arsenuretted, i. 309 
bisulphuretted, ii.694 
boruretted, 1, 24:7 
phosphuretted, i. 272 
combustion of, iti. 40 
deutoxide of, i. 220 
gas, 1. 216 
absorbed by charcoal, 
i 227 
sulphuretted, ii. 694: 
telluretted, i. 315 
Hydroguret of carbon, i. 235 
; phosphorus, i. 272 
Hydroguretted sulphur, ii. 696 
| sulphurets, ii. 701 
- metallic, i. 704 
sulphuret of am- 
monia, ii. 703 
sulphuret of pot- 
ash, ii. 702. 
Hydrometer, Clarke’s, ii. 331 
Hydropete, tii. 497 
Hydrophosphoric gas, i. 275 
Hydrosiderum, i. 398 
Hydrosulpburets, i. 696 
metallic, 11, 704 


INDEX. 


Hydrosulphuric acid, i, 289, and 
ii. 694 aterm 
Hydrosulphurous acid, i. 291 
Hydrothionic acid, il. 694 
Hyperoxymuriates, 11, 230 
Hyperstene, il. 374 
Hyponitrous acid, i. 210 


Hypophosphorous acid, us 2685, | 


and 11, 112 


1. 123 
Hyposulphurous acid, i, 284, and 
ii. 122 


I. 


Jade, iii. 360 
Jalap, iv. 220 
Jargon, 1.373 
Jasper, iil. 305 
agate, iil. 307 
basalt, 111. 307 
Egyptian, ui. 305 
porcelain, il. 306 
Ice, ui. 12 
expansion of, i. 43 
spar, lil. 339 
Ichthyophthalmite, iii. 319 
Idocrase, iil. 279 
Jelly, iv. 44 
Jet, ill. 433 
Igasuric acid, i. 194: 
Incombustibles, simple, 1. 202 
Indian rubber, iv. 170 
Indianite, ii. 328 
Indigo, iv. 79 
Indigofera tinctoria, ibid. 
Indigofera anil, iv. 243 
Inflammable air, i. 217 
heavy, i. 235 
Ink, i. 219 
printers’, 1.375 
sympathetic, 11. 259 
Intestinal concretions, iv. 562 
Intestines, gases in, iv. 599 
Inulin, iv. 67 
Todates, ii. 272 
lodic acid, i. 192, and ii. 271 
union with acids, i.271 
Iodide, i. 191 
of arsenic, 1. 309 
azote, 1. 213 
cadmium, 1. 441 
iron, 1, 388 


Hyposulphuric acid, i. 286, and | 
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Iodide of zinc, i. 434 
| lead, i. 448 
tin, 1. 456 
copper, i. 467 
bismuth, i. 478 
mercury, 1. 487 
phosphorus, i. 271 
potassium, i. 333 
silver, 1. 498 
sodium, 1. 341 
sulphur, 1. 288 
antimony, 1. 554 
tellurium, 1. 315 
Iodides, table of, 1. 544 
Iodine, 1. 189 
: how prepared, 1. 190 
properties of, ibid. 
combines with starch, 1. 
195 
| compounds of, 1i. 270 
Iolite, iti. 266 
| Ipecacuan, iv. 220 
| Iridium, i. 536 
| salts of, ii. 686 
ores of, i11, 440 
\Iron, i. 372 
| affinities of, 1. 403 
alloys, i. 402, 409, 413, 421, 
4.36, 450, 460, 469, 491, 
500, 509, 525, 532, 556, 
566,55 73. 
acetate, ii. 560 
antimoniate, ibid. 
arseniate, ii, 559, and ill. 
486 . 
benzoate, il. 561 
boletate, 11. 562 
borate, il. 551 
boruret, 1. 396 
carbonate, 1. 550, and ii. 
4.83 
cast, expansion of, 1, 44 
cast, 1, 388 
chlorate, ii. 236 
chlorides of, 1. 386 
chromate, ii. 560, and ii. 
488 
citrate, 11. 563 
clay, i. 381 
cold short, i. 397 
Aint, ii. 294 
fluated, 11. 283 
froth, ili. 478 
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Jron, gallate, ii, 564 _ 

glance, iii. 476 
hydrate, ii. 479 
hydrosulphuret, ii. 716 
hyposulphite, ii. 557 
iodide of, i. 388 
lactate, il. 563 
malate, il, 563 
mellate, il. 562 
mica, ili. 477 
molybdate, ii. 560 
muriated, ii. 257 
native, iii. 472 
nitrate, ii. 549 
ores of, ili. 472 
ores, analysis of, ili. 608 
oxalate, il. 562 
oxides of, i. 382 
phosphate, ii. 552, and iii. 

485 
phosphuret, i. 397 
pyrites, ili. 473 
saclactate, ii. 563 
salts of, 11. 548 
sand, ill. 475 
seleniate, il, 558 
silicate, ill. 489 
silicuret, i. 394: 
sinter, ili. 487 . 
soap, ii. 718 
subcarburet, 1. 396 
suberate, 11. 562 
succinate, ii. 561 
sulpharseniate, iil, 487 
sulphate, ii. 553 
sulphite, ii. 557 
sulphurets, i. 398 
tartrate, ii. 562 
tungstate, il. 560, and iil. 
492 » 

Isatis tinctoria, iv. 243 

Iserine, iii. 520 

Isinglass, iv. 397 

Juice, peculiar, of plants, iv. 211, 
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Jupiter, i. 625 


K 


Kah, i. 328 

Kaolin, iii. 34] 
Karpholite, iii. 316 
Kelp, 4.:336.4 

Kermes mineral, ii. 707 


% 
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Kidney bean, iv. 266 
Kidneys, action of, iv. 620 
calculi of, iv. 577 
Kilkenny coal, ili. 435 
Kinate of lime, ii. 493 
Kinates, 11, 181 
Kinic acid, 1. 179 
Kiffekill, iti. 356 
Kino yields a species of tannin,iv.9 
Klebshiefer, 11. 343 
Klinkstone, iii. 380 
Knebelite, iii. 49] 
Konia, 1. 327 
Koumiss, iv. 501 
Krameric acid, ii. 202 
Kupfer lazur, il. 464 
nickel, iii. 511 
glas, ui. 456 
L 
Labdanum, iv. 134 
Lac, iv. 141 
sulphuris, i. 287 
Laccic acid, ii. 189 
Laccin, iv. 143 
Lackers, iv. 144 


Lactates, ii. 200 
Lactic acid, ii. 198 


| Ladanum, iv. 134 


Lampic acid, ii. 160 

Lana philosophica, i. 432 

Lapis infernalis, ii. 666 
nephriticus, 111. 360 
lazuli, iii. 323 
philosophorum, i. 4 

Latent heat explained, i. 51 

tables of, i. 56, 73 

Lathyrus tuberosus, iv. 282 

Latialite, iii. 324 

Lazulite, iii. 323 

Lazurstein, ibid. 


Lead, i. 443 


alloys, i. 449, 461, 472, 493, 
501, 512, 526, 532, 557, 
567, 873 

salts of, ii. 603 

acetate, 11.615 

aluminate, iii. 542 

antimonial sulphuret of, iti. 
533 

antimoniate, ii. 613 

antimonite, ii, 614 
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Lead, arseniate, ii. 613, and iii. 
54] 
arseniophosphate, iii. 538 
arseniosulphuret, iii. 533 
benzoate, 11. 618 
black, i. 227 
borate, ii. 609 
carbonate, il. 608, and iii. 
534 
chlorate, il. 236 
chloride, i. 448 
citrate, il, 620 
chromate, i.614, and 1. 538 
fiuate, i. 284 
gallate, il. 622 
hyposulphite, i. 612 
iodide, 1. 448 
lactate, 11.621 
malate, ii. 621 
mellate, ii. 620 
molybdate, ii. 614, and iii. 
540 : 
muriate, ii. 262 
murio-carbonate, il. 536 
nitrate, 11.603 
nitrite, 11,605 
nitrophosphate, ii. 610 
ores, lil. 529 
ore, analysis of, i. 610 
oxalate, 11. 620 
oxides, 1. 444 
phosphate, ii. 609, and 1. 
537 
phosphite, 11. 610 
red, i. 446 
refining of, i. 447 
saclactate, i. 621 
seleniate, il..612 
seleniuret, 1. 449 
soap, i. 718 
suberate, 11.619 
submuriate, ii. 262 
succinate, ii. 619 
sugar of, 11. 615 
sulphate, i ii, 610, and iii. 539 
sulphite, 11. 611 
_ sulphuret, 1. 449 
tannate, 11. 623 
tartrate, 11. 620 
tungstate, il. 615,andiii. 542 
vinegar of, il. 617 
white, i. 445, and il. - 608 
Leather, iv. 470 
Leaves, iv, 239 
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Leaves, functions of, iv. 338 
why they fall off, iv. 34d 
the digesting organs of 
plants, iv. 357 
how produced, ibid. 
seminal, iv. 310 
absorb carbonic ‘acid, iv. 
341 
absorb water, iv. 353 
emit oxygen, iv. 342 
Lemnian earth, iii. 357 
Lemons, essential salt of, ii, 444, 
562 
Lens, crystalline, iv. 520 
Lentiles, iv. 267 
Lepidolite, iil. 348 
Leucite, iil. 277 
Leucolite, iii. 261 
Libavius, smoking liquor of, 1. 455 
Lichens, iv. 283 — 
Lievrite, ii. 490 
Ligaments, iv. 473 
Light, i. 12 
its peculiarities, i 1, 22 
_ sources of, i, 23 
Lignin, iv. 180 


Lilalite, iii. 348 


Limbourg’s table of affinity, iii. 10 

Lime, i. 347, and li. 59 
acetate of, ii. 490 
antimoniate, li. 489 
antimonite, ibid. 
arseniate, 11. 488 
arsenite, 1. 489 
benzoate, 11. 490 
biphosphate, il. 484 
boletate, ii. 157 
borate, i. 482 
borosilicate, ibid. 
camphorate, 11. 491 
carbonate, il. 480 
chlorate, 11. 234 
chromate, il. 489 
citrate, 11. 493 
effects of, on mould, iv. 1. 995 
fluate of, i. 281 
fhiogilicn te) 11, 288 
formate, 11. 495 
gallate, ii. 495 
hydrate, il. 59 
hydriodate, ii. 277 
hydrosulphuret, ii. 700 
hypophosphite, ti. 485 
hyposulphate, ii. 488 
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Lime, hyposulphite, ii. 487 
iodate, 11. 273 
kinate, il. 493 
lactate, il. 495 
malate, i. 4.94 
mellate, un. 492 
molybdate, 11. 489 
moroxylate, ii. 491 
muriate, 1.350 
nitrate, il. 479 
oxalate, il. 492 
oxymuriate of, 1. 239 
phosphate, il. 483 
phosphuret, 11. 62 
quadriphosphate, ii. 484 
saclactate, 11.494 
salts of, 11. 4°79 
silicate, i1. 482 
slacking of, ii. 59 
soap, li. 716 
subbichloride, i. 239 
suberate, ii. 491 
subphosphate, li. 484 
succinate, 11. 490 
sulphate, il. 485 
—anhydrous, ii. 486 
sulphite, il. 487 
sulphuret, ii. 63 
supermalate, ii. 494 
tannate, li. 495 
tartrate, li. 492 
tungstate, 11. 489 
urate, 11. 494 
water, i. 58 
Limestone, iii, 385 
blue vesuvian, 111. 388 
magnesian, lil. $95 
primitive, 11. 562 
floetz, iil. 572 
transition, i1, 568 
Liquefaction explained, 1. 51 
Liquids, ii. 75 
constitution of, i. 76 
table of, ii. 78 
specific gravity of, ill. 79 
expansion of, 1. 30 
action on each other, iil. 
80 
mixture of, ibid. 
codibmaunn with solids, | 
li, 85 
Liquor silicum, ii. 103 
Liquorice, iv. 224 
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Litharge, 1.447 — 
Lithia, i. 345, and ii. 57 
borate, ii. 469 
carbonate, ibid. 
muriate of, 1. 253 
nitrate, 11.469 
salts of, 11. 468 
phosphate, ii. 470 
sulphate, ibid. 
Lithic acid, ii. 184 
Lithium, i, 343 
chloride of, 1. 346 
oxide of, 1. 345 
Lithomarge, iil. 353 
Liver of sulphur, i. 701 
Lixivia, 1. 328 
Loam, iil. 34:1 
Loboite, iii. 280 
Lobster crust, iv. 456 
Logwood, iv. 226 
Lomonite, ii, 322 
Lucullite, iii. 389 
Luna cornea, i. 496 
Lunar caustic, 11. 666 
Lupine, white, iv. 268 
Lustre, iii. 239 
Lute, what, i. 176 
Lycopérdon, tuber, iv. 295 
Lycopodium clavatum, iv. 273 
Lydian stone, iii. 296 
Lymph of plants, iv. 328 
animals, iv. 598 


M 


Macle, ili. 327 

Madder, iv. 222 

Madrapores, iv. 457 

Madriporite, iii. 389 

Magistery of bismuth, i. 477 

Magnesia, i. 364, and ii. 71 
salts of, 1. 515 
acetate of, ii. 525 


ammonio -nitrate, H, 
516 

ammonio-phosphate, ii. 
520 

ammonio - sulphate, li. 
522 

ammonio - sulphite, i. 
524: 


arseniate, ii, 525 
benzoate of, i. 526 
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Magnesia, borate, 11. 518, and iii. | Maltha, ii. 397 


447 
camphorate, 11. 526 
carbonate, ii. 517, and 
ili. 416 
chlorate, i. 235 
chromate, ii. 525 
citrate, ii. 527 
fluate, 11. 282 
gallate, ii. 528 
hydriodate, 11. 278 
hydrosulphuret, ii. 700 
hyposulphite, ii. 524 
lactate, i1. 528 
malate, ibid. 
molybdate, il. 525 
muriate, 1. 365 
native, ili. 356 
nitrate, 11. 516 
oxalate, i. 526 
phosphate, 11. 519 
saclactate, 1. 528 
seleniate, tl. 524 
silicate, ii. 519 
soap of, i. 716 
soda-sulphate, il. 522 
suberate, i. 526 
succinate, ibid. 
sulphate, ii. 520, and 
il. 416 
sulphite, ii. 523 
tartrate, li. 527 
tungstate, 1. 525 
urate, 11. 528 
Magnesian lime-stone, iii. 395 
Magnesite, iil. 416 
Magnesium, i. 364 
chloride of, 1. 366 
iodide of, i. 367 
oxide of, i. 365 
Magnetic iron-stone, il. 4°74 
sand, ili. 4°75 
Magnets, 1. 400 
Maize, iv. 263 
Malachite, ii. 465 
Malacolite, iii. 376 
Malates, 11. 193 © 
Malic acid, ii. 190 iN 
plants containing it, 
iv. 6 
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Manganblende, iil. 495 
Manganese, i. 415 
alloys, i, 421, 510, 
567 


salts of, ii. 577 
acetate, li. 582 
antimoniate, il. 581 
arseniate, ibid. 
benzoate, ii. 582 
carbo-silicate, ii. 497 
chromate, ii. 581 
citrate, 11. 583 
carbonate, 1. 578 
carburet, 1. 420 
chloride, ibid. 
chromate, ii. 581 
fluate, ii. 284 
-hydrosulphuret, — ii. 
709 é 
hyposulphite, ii. 580 
hyposulphate, ii. 581 
muriate, 11, 259 
nitrate, 11. 577 
ores, i. 493, 616 
oxalate, ii. 583 
oxides of, 1. 416 
phosphate, 11. 579, and 
iil. 496 
phosphuret, 1. 421 
seleniate, 11. 581 
silicate, i. 578 and 
ii. 496 
soap, 1. 718 
succinate, 1. 582 
sulphate, il. 579. 
sulphuretted oxide, i. 
491 °* 
tartrate, 1. 583 
tungstate, 11. 581 
black ore of, ii, 494 
grey ore of, iil, 493 
Manganesic acid, i. 419 
Manganspath, ili. 496 


Manna, iv. 28 


metallorum, i. 485 
Manure, iv. 322 
Marble, iii. 386 

Portsoy, lil. 361 
Marcasite of gold, i. 430 


in animals, iv. 449 
Malleability, 1. 325 
Malt, iv. 366 


Margarates, i. 388 
Margaric acid, il. 387 
' Marine acid, ii. 242 


| 
{ 
{ 
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Marl, iii. 398 
Marrow, iv. 477 
Mars, ii. 548 
Stahl’s tincture of, ii. 551 
tartarised tincture of, ii. 
565 
tincture of, ibid. 
Marsh bean, iv. 266 
Martial aethiops, i. 383 
salts, ii. 548 
Massicot, i. 445 
Mastich, iv. 132 
Mayow, Dr. Theory of Combus- 
tion by, 1. 129 
Meadow ore, ili. 482 
Meconic acid, 11. 158 
Medicine, universal, i. 7 
Medullin, iv. 180 
Meershaum, iii. 356 
Meionite, iii. 338 
Melanite, iii. 281 
Melasses acid, iv. 16 
Mellate of alumina, iii. 419 
Mellates, ii. 171 
Mellite, iii, 419 
Mellitic acid, ii. 170 
Melt of the carp, iv. 526 
Melting explained, i. 51. 
Melting points, i. 4:7 
Membrane, iv. 473 
Menachanite, iil. 519 
Menachine, i. 577 
Menianthis trifoliata, iv. 244 
Menilite, iii. 304 
Mephitic acid, 11. 93 
Mercurius duléis,(i i, 485 
Mercury, i. 4'79 
action on metals, ili. 106 
amalgams of, % 491, 
503, 516, 527 
salts of, 3 ii. 656 
acetate, ii. 662 
arseniate, 11. 661 
benzoate, li. 662 
boiling point, 1. 480 
borate, 11. 659 
carbonate, i. 658 
carbosulphuret, iil. 445 
chlorate, ii. 237 
chloride, 1. 483 
chromate, ii. 661 
citrate, 11. 663 
congelation of, i. 480 
corneous, Hi. 446 
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eee fluate, ii. 284 
fulminating. il. 34, 354 
hepatic ore of, iii. 445 
Howard’s fulminating, 
li. 354 
hydrosulphuret of, ii. 
706 
iodides, i. 487 
lactate, ii. 664 
malate of, ii. 664 
mellate, 11. 663 
‘muriate, 1. 453 
corrosive muriate of, i. 
483 
molybdate, ii. 661 
native, i. 443 
nitrate, ii. 657 
ores of, ili. 442 
ores, analysis of, iii. 606 
oxalate, 11. 663 
‘oxides of, 1. 481 
phosphate, i1. 659 
phosphite, ibid. 
phosphuret, i. 488 
saclactate, il. 664 
seleniate, ii. 661 
soap of, ii. '717 
succinate, ii. 663 
sulphate, ii. 659 
sulphurets, i. 488 
tartrate, ii. 663 
tungstate, il. 661 
Merulius cantharellus, iv. 294 
Mesembryanthemum.  crystalli- 
num, iv. 245 
Mesolyte, ili. 316 
Mesotype, ii. 314 
Metallic hydrogurets, ii, 704 
lustre, i, 823 
Metals, 1.323 
as conductors of electri- 
city, i. 160 - 
tenacity of, 1, 325. 
in plants, iv. 198 
how obtained pure, iii. 
619 
conducting power of, i. 88 
in animals, iv. 443 
Meteoric stones, iii. 184 
Miasmata, putrid, destroyed by 
muriatic acid, il, 270 
Mica, iii. 349 
green, ill. 499 
iron, wii, 477 


\ 
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Mica slate, 111. 558 - 
Micaceous iron ore, iii. 477 
Micarell, iii, 350 
Miemite, iii. 397 
Milk, iv. 494 
acid of, 11. 198 
woman’s, iv. 502 
ass’s, iv. 503 
_ goat’s, ibid. 
ewe’s, iv. 504: 
mare’s, ibid. 
mountain, ili. 385 
rock, ibid. 
Millepores, iv. 458 
Milt of the carp, iv. 526 
Mineral caoutchouc, ii. 400 
crystal, il. 426 
pitch, i. 430 
tallow, ii. 397 
tar, li. 399 
Minerals, 111. 232 
characters of, iil. 233 
compound, iii. 551 
simple, ili. 243 
analysis of, 111. 590 
Minium, i. 446 
native, ili. 534 
Mirrors of telescopes, i. 474 
Mispickel, 1. 402 
Misy, il. 553 
Mixture, as a source of heat, i. 
156 
Molybdate of lead, iii. 540 
Molybdates, ii. 131 
Molybdena, ili. 513 
Molybdenum, i. 562 
ores of, 
617 
oxides of, i. 563 


His 513, 


Molybdic acid, i. 564, and ii. 130 | 
| Natron, 1. 336 
| Nature, chemical examination of, 


Molybdous acid, i. 564 
Moonstone, iii. 330 
Moorcoal, iii. 432 
Morass ore, ill. 482 
Moroxylates, ii. 153 
Moroxylic acid, ii. 152 
Morphia, ii. 37 

muriate of, ii. 253 

salts of, ii. 472 
Mortar, ii. 64 

water, li. 65 

Mosaic gold, i. 458 
Mother ley, i. 364 
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Mother of pearl, iv. 454 
Mould, vegetable, iv. 323 
acid, iv. 325 
Mountain blue, iii. 464 
green, ili. 465 
iron-shot, iii. 466 
Mucic acid, ii. 181 
Mucilage, iv. 34 
Mucous acid, ii. 181 
Mucus, iv. 42, 415 
of the nose, iv. 515 
Muriacite, iii. 406 
Muriatic acid, i. 221, and ii. 249 
how prepared, ii. 
243 
destroys —_ putrid 
miasmata, ii. 270 
dephlogisticated, i. 
180 
in animals, iv. 439 
Muriates, ii, 248 
Muscles of animals, iv. 463 
Muscovy glass, iii. 49 
Mushrooms, iv. 287 
Musk, iv. 438 
Mussite, iil. 377 


Must, iv. 379 


fermentation of, iv. 380 
Mustard, iv. 272 
Myricin, iv. 104 
Myrrh, iv. 168 
N 
Nacrite, ili. 363 
Nadelstein, iii. 517 
Nails, iv. 462 
Nanceic acid, ii. 202 


- Naphtha, ii. 394 
Narcotic salt, i. 241 


Natrolite, iii. 315 


ili. 159 
Needle-ore, iil. 528 
Needle-stone, 111. 528 
Nepheline, iii. 339 
Nephrin, iv. 419 
Nephrite, ii. 360 
Nerium tinctorium yields indigo, 
iv, 80 
Nerves, iv. 474 
Neutralization, iti. 130 
Nickel, i. 403 
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Nickel, alloys, i. 409, 436, 450, 


4:70, 510, 566 
salts of, 11. 565 
acetate, i. 571 
ammonio-nitrate, ii. 567 
ammonio-sulphate, ii. 569 
arseniate, ii. 570, and iil. 
513 
arseniuretted, iil. 511 
borate, ii. 568 
carbonate, 11. 567 
carburet, i. 408 
chloride, ibid. 
chromate, ii. 570 
molybdate, ii. 571 
muriate, 1. 258 
native, iii. 510 


Nitrum, flammans, i. 411 
semivolatile, ibid. 

Novaculite, iii. 347 

Nutgalls, ii. 203 

Nutmeg, iv. 271 

Nuts, husk of, iv. 275 

Nux vomica, il. 42 


O 


Oats, iv. 259 
Obsidian, i. 308 
Ochre, iti. 478 
Ochroite, i. 422 
Octahedrite, ili. 518 
Oetites, 111. 481. 

Oil of vitriol, ii. 111 
Oils, 1. 363 


animal, iv. 431 
bituminous, . 393. 
fixed, ii. $71 
list of, iv. 100 
volatile, ii. 363 
list of, iv. 101 
drying, 11. 374 
essential, 11. 363 
fat, ii. 376 
philosophical, ii. 374 
poisonous, li. 392 
sweet, principle of, 11. 379 
Oleates, ii. 390 
| Olefiant gas, 1, 235 
Oleic acid, 11. 390 
Oleo-saccharum, ii. 369 
Oleum sulphuris, ii. 111 


nitrate, il. 566 
ochre, ii. 512 
ores, 111. 510 
ores, analysis of, iii. 612 
oxalate, il. 571 
oxides of, i. 406 
phosphate, 11. 568 
phosphuret, 1. 408 
seleniate, ii. 570 
sulphate, 11. 568 
sulphuret, i. 409 
tartrate, ii. 571 
Nicotin, iv. 55 
Nightshade, deadly, iv. 242 
Nigrine, ili. 520 
Nihil albun, i. 432 
Nitrates, il. 87 


Nitre, 1. 4.24 vitrioli dulce, ii. 341 
cubic, il. 4.50 Olibanum, iv. 164 
fixed, ii. 430 Oliven ore, iii. 469 


fixed by charcoal, li. 427 
Nitric acid, i. 207, and ii. 82 
phlogisticated, li. 87 
Nitricum, i. 214 
Nitrogen, 1. 202 
Nitrous acid, i. 205, 208, and ii. |. 
90 


Olivile, iv. 121 
Olivine, iii. 379 
Onion, iv. 281 
Opacity, i. 324 
Opal, ili. 301 

jasper, iil. 307 
Opiun, ii. 37 
Opobalsamum, iv. 152 
Opoponax, iv. 166 
Ores, iii. 436 

analysis of, ili. 602 
Orichalcum, i 1.471 
Orpiment, i. 312, and iil. 549 
Orthite, iii. 503 
Osmazome, iv. 416 
Osmium, i. 317 


vapour, il. 92 
etherised gas, il. 353 
gas, i. 206, and il. 7 
gas, dephlogisticated, ii. 3 
oxide, 1. 207 
gas, eudiometer, iil. 168 
Nitroxi, ii. 7 
Nitrum, i. 336 
fixum, i. 435 


INDEX. 


Ossifications, iv. 560 
Ouretic acid, 1. 456 
Ourmia, lake, 111. 206 
Oxalates, ii. 168 
Oxalic acid, il. 165 
plants containing, iv.3 
m animals, iv. 442 
Oxide of antimony, i. 551 
azote, 1. 204, and ii. 3 
bismuth, 1. 476 
cerium, 1. 424 
chromium, 1. 560 
cobalt, i. 411 
copper, 1. 463 
_ gold, 1.505 
hydrogen, i. 218 
iridium, i. 538 
iron, 1. 382 
lead, 1. 444 
manganese, 1. 416 
mercury, 1. 481 
molybdenum, 1. 563 
nickel, 1.406 
osmium, i. 318 
palladium, 1. 531 
phosphorus, i. 267 
platinum, i. 520 
rhodium, 1. 534 
selenium, 1. 299 
silver, 1. 495 
tantalum, i 575 — 
tellurium, i. 314 
ting 1.452 
titanium, i. 579° 
tungsten, i. 570 
uranium, I. 427 
zinc, 1. 432 
Oxides, il. 3 
metallic, i. 541, and ii, 79 
table of, 1. 541. 
division of, ii. 3 
: unsalifiable, ibid. 
Oxycarburetted hydrogen, i. 240 
Oxygen, 1. 174: 
gas, how prepared, ibid. 
combifiation with nitrous 
gas, 1. 9 


- combination with simple 


~ combustibles, 11. 3 
emitted by plants, iv. 343 
absorbed by plants, iv. 
349 
Oxymuriatic acid, 1. 180 
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| Oxyprussic acid, ii. 289 


P 


Pakfong, 1. 436 © 
Palladium, 1. 529 
alloys, i. 532 
salts of, ii. 682 
ferrocyonate, il. 684 
muriate of, il. 683 
nitrate, 11. 682 
oxides of, 1. 531 
seleniuret, 1. 531 
sulphate, i1. 683 
sulphuret, i. 531 
Panacea duplicata, ii. 435 
holsatica, ibid. 
Panchymagogum ‘minerale, i 1.485 
Panchymagogus quercitanus, ibid. 
Pancreatic juice, iv. 508 
concretions, iv. 561 
Papaw tree contains fibrin, iv. 98 
Paranthine, iii, 335 
Parenchyma, iv. 230 
Patella, iv. 461 ~ 
Paulite, inl. 374 
Pea stone, iil. 388 
Pearl, iv. 455 
ash, i. 326 
white, ii. 653 
stone, 11. 309 
sinter, iil, 300 
Peas, iv. 263 . 
Pechblende, 111. 498 
Peliom, iii. 268 
Pepper, iv. 271 
Perchloric acid, i. 187 
Perchloride of phosphorus, i i: hy 
Percussion, i. 147 
Pericardium, liquor of, iv. 518 
Peridot, 1.378" 
Periodide of phosphorus, i. 271 
Perlated acid, ii. 456. 
Perspiration, iv. 536, 621 
Peru, balsam of, iv. 154 
Peruvian bark, iv. 233 
Petalite, i. 343, and il. 328 
Petroleum, 11. 393 
Petro-silex, iii. 331 
Pewter, 1. 462 
Phallus impudicus, iv. 294 
Pharmacolite, ii. 411 
Phenix dactilefera, iv. 251 
Phlogisticated air, i. 202 


Hyp 
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Phlogisticated alkali, ii. 294 Picnite, iii. 261 

Phlogiston, i. 217 Picromel, iv. 417 | 

Phosgene gas, 1. 233 Picrotonia, muriate of, 11. 254 

Phosphate of iron and manganese, salts of, ii. 4°76 
il. 496 Picrotoxia, il. 47 

Phosphatic acid, ii. 110 Pierre a fusil, ii. 296 

Phosphorana, i. 268 de croix, ili. 286 

Phosphorane, ibid. Pig iron, i. 388 


Phosphoric acid, i. 259, and ii. 109 | Pimelite, ili. 353 
: plants contain- | Pinchbeck, 1, 471 


ing, iv. 186 Pineal concretions, iv. 560 
in animals, iv.440 | Pinite, iii. 350 
Phosphorite, iii. 401 Pisiform iron ore, iil. 481 
Phosphorous acid, i. 262, and ii.; Pitch, mineral, iii. 430 
rp I ore, 111. 498 
Phosphorus, 1. 254 stone, ii. 309 


chlorides of, 1.268 | Pistasite, ili, 274 
hydrogurets of, 1.272 | Pitchy iron ore, iil. 487, 496 
iodides of, i. 270 Pitcoal, ii. 401 


liquid, ii. 368 caking, i. 402 
oxide of, i. 267 cannel, ii. 403 
of Homberg, 1. 351 — cherry, ii. 403 
of Balduin, 11. 480 Kilkenny, ii. 402 
in animals, iv. 439 | splint, ii. 403 
Phosphuret of antimony, i. 573 gas from, i. 240 
arsenic, 1. 311 Pittizite, iit. 487 
barytes, il. 66 Piztazite, iil. 274 


carbon, 1. 276 
cerium, i. 424 
cobalt, 1. 413 
copper, 1. 467 
gold, i. 508 
iron, 1. 397 
lead, i. 448 
lime, ul. 60 


| Plants, death of, iv. 362 
| decay of, iv. 361 
diseases of, iv. 300 
food of, iv. 311 
foreign substances in, iv. 
186 
ingredients of, iv. 198 
parts of, iv, 205 


manganese, 1. 421 peculiar juices of, iv. 211 
mercury, 1. 458 sap of, iv. 206 
molybdenum, 1.566 Plasma, iil. 298 

nickel, i. 408 Plaster of Paris, il. 486 


platinum, 1.522 | Plasters, 1. 718 
selenium, i, 303 | Platina, iil. 440 


silver, i. 499 Platinum, i. 517 
- strontian, 1.69 - alloys of, 1. 525, 532, 
sulphur, i. 295 558, 569 
tin, 1. 457 | bee chlorides, i. 521 
titanium, 1.579 fulminating, i. 33 
tungsten, 1. 572 mauriate, il. 269 
zine, 1.434 ores of, iil. 439 
Phosphuretted alcohol, 11. 334 analysis of, ili. 603 
azotic gas, 1. 272 oxides of, 1. 520 
hydrogen gas, ibid. phosphurets, i. 522 
Photicite, tii. 497 salts of, 11. 678 


* Phytolacca berries, iv. 273 sulphate, ibid. 
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Platinum, sulphurets, i. 523 
triple salts of, ii. 679 

Pleonaste, ili. 250 

Plombgumme, iii. 542 

Plumbago, 1. 227, and iii. 435 

Plumbum corneum, i. 428° 

Plumula, iv. 304 

Poisons, animal, iv. 531 

Polarization, 1.15 

Pollen, iv. 251 

Pollenin, iv. 97 

Polychroite, iv. 47 

Polyhalite, ii. 408 

Pompholyx, i. 432 

Ponderable bodies, 1. 173 

Ponderous spar, i. 352, and iii. 413 

Porcelain earth, iii. 341 

Porphyry, iii. 560 

Potash, i. 326, 328, and it. 51 
dissolves oxides, i. 54 
acetate of, ii. 442 
ammonio-sulphate, 11. 436 
antimoniate, 11. 439 
antimonite, 1. 440 
arseniate, il. 438 
arsenite, i. 439 
benzoate, i. 443 
binarseniate, il. 426 
boletate, ii. 142 
borate, li. 432 
camphorate, i. 443 
carbonate, il. 430 
chlorate, ii. 230 
chromate, ii. 440 
citrate, 11. 448 
columbate, i. 44:2 
ferrosulphate, il. 564 
ferrotartrate, ii. 565 
fluate, 11. 281 
fluosilicate, ii. 287 
hydrate of, ii. 53 
hydriodate, ii. 276 
hydrosulphuret, i. 698 
hypophosphite, 11. 434 
hyposulphite, ii. 437 
iodate, il. 272 
lactate, 11. 449 
malate, ibid. 
mellate, 11. 446 
molybdate, ii. 441 
muriate, 1. 331 
nitrate, ii. 424, and i11.4.24 
nitrite, i. 430 
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Potash, oxalate, ii. 444 
phosphate, ii. 433 
quadroxalate, il. 445 
saclactate, u. 449 
salts of, 11. 423 
seleniate, ii. 438 
silicate, ii. 433 
soap of, ii. 718 
succinate, ii. 561 
suberate, 11. 44:4 
succinate, i. 443 
sulphate, 11.435 — 
sulphite, i, 436 
sulphuret, i. 54 
tartrate, l1. 446 
tungstate, il. 441 

nitro, ibid. 
urate, ii. 449 
Patassium, i. 326 
/ alloys of, 1. 342, 402, 
436, 450, 460, 469, 
491, 509 
peroxide of, 1. 330 
chloride of, 1. 331 
iodide of, 1. 333 
hydruret of, ibid. 
phosphuret of, 1. 334 
seleniuret, 1. 335 
sulphuret of, i. 334 
arseniuret, 1. 335 
action of, on ammonia, 
ii. 31 

Potatoe, iv. 276 

Potential cautery, 1. 318 

Potstone, iii. 362 

Powder of algoroth, i. 552 

Prase, iti. 293 ; 

Precipitants, table of, iii. 141 

Precipitate per se, 1. 482 

Precipitation, ili. 150 

Prehite, foliated, ili. 312 

fibrous, ili. 313 

Prehnite, ili. 312 

Prince’s metal, i. 471 

Principle, vegetative, iv. 362 _ 

animal, iv. 631 


‘Products of combustion, 1. 138 


Propolis, iv. 4:36 
Prostate concretions, iv. 562 
Protiodide of phosphorus, i. 271 
Protochloride of phosphorus, 1 
268 . 
Prussian alkali, i1, 294 
2." 


676 


Prussian blue, ii. 292 | 
native, il. 485 
Prussiates, ii. 312 
Prussic acid, ii. 291, 298 
plants containing it, 
iv. 7 
Prussous acid, 11. 302 
Puddling, i. 390 
Pulmonary concretions,. iv. 561 
Pumice, ui. 310 
Purple of amorgos, iv. 285 
Purpurates, 11, 189 
Purpuric acid, il. 187 
Pus, iv. 583 
how distinguished from mu- 
cus, iv. 584 
Putrefaction, iv. 387, 632 
in air, iv. 632 
under ground, iv. 
634 
of accumulated mat- 
ters, ibid. 
preventatives from, 
iv. 636 
Pycnite, ili, 261 
Pyreneite, ii. 278 
Pyrites, 1. 398, and ili. 4:73 
magnetic, i. 398, and iil. 
473 
arsenical, ili, 548 
cobalt, iii. 507 
copper, iii. 457 
hepatic, ili. 4°74 
Pyro-acetic spirit, il. 142 
Pyrodmalite, ii, 491 
Pyrolignous acid, ii. 163 
Pyromachus, iil. ‘296 
Pyrometer of Wedgewood, 1. 75 
_ Pyromucic acid, 11. 164 
Pyrop, iii. 287 
Pyrophorus, Homberg’s, ii. 541 
Canton’s, 1.18 
Pyrophysalite, iii. 261 
Pyrotartaric acid, ii. 162 
Pyrotartarous acid, ii. 163 - 
Pyroxen, iil. 376 


Q 
Quartz, i. 290 
milk, iii. 292 
Quassin, iv. 50 
Quercitron, iv. 237 
Quercus nigra, ibid. 
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‘| Quicklime, i. 347 


Quicksilver, i. 479. 
Quinquina, iv. 231 


ne 


Radiant heat, 1. 75 
Radiating power of bodies, ibid.. 
Radical vinegar, ii. 138 
Radicle, iv. 304 
Reelizite, ii. 372 
Rancidity, i. 379 
Rarifaction, effect of, on the com- 
bustion of bodies, i. 145 
Rays of light, i. 13 
caloric, Wid 
Realgar, i. 311, and ili. 549. 
Red anveaan ee ore, lil. 546. 
cobalt ochre, ii. 509 
copper ore, i. 462 
flowers, iv. 246 
hematite, iil. 478 
iron ore, ibid. 
lead, 1. 446 
lead ore of Siberia, iii. 538 
ochre, ill. 478 
ore of antimony, ili. 546 
ore of manganese, iil. 496 
precipitate, 1. 482 
sanders, iv. 228 . 
silver ore, ill. 451 
zinc ore, il. 524 
Reflection of heat, 1. 121 
light, 1.14 
Refraction of light, ibid. 
Regulus of antimony, 1. 549 
martial, 1. 556 
Venus, 1.557 
Reissite, 111. 425 
Repulsion, 11. 21 
Resin, iv. 135, and iu, 428 
Botany Bay, iv. 134 
from bitumen, iv. 146 
green, iv. 137 
of bile, iv. 417 : 
Highgate, iil. 424, and iv. 
140 
Resinous: electricity, i. 163, 164 
Resins, iv. 122 
animal, iv. 435 
Respiration, iv. 601 
of fishes, iv. 611 
Priestley’s theory of, 
Iv. 615. 
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Respiration, Lavoisier’s theory of, 
iv. 616 
Lagrange’s theory of, 
ibid. 
changes on air by, 
iv. 606 
changes on blood by, 
iv. 614 
Respirations, number of, iv. 603 
Rete mucosum, iv. 472 
Reticularia portensis, iv. 296 
Retinasphaltum, ii.401, and i1.429 
Rhodium, i. 533 
salts of, il. 684 
Rhodonite, ili. 497 
Rhodorite, ili. 496 
Rhomb spar, iil. 394 
Rhubarb, iv. 221, 243 
Rice, iv. 262 
Richter’s law of double decompo- 
sition, 11.15 
Rock cork, ili. 364 
crystal, 11, 292 
soap, iil. 354 
wood, iii. 364: 
Rocks, 111. 551 
position of, ii. 554 
structure of, iil. 552 
Roestone, iii. 386 
Roots, iv. 217 
absorb oxygen, iv. 353 
Rosa mallos, iv. 156 
Rosacic acid, iv. 441 
Rosin, iv. 131 
Rouge, iv. 247 
Rubellite, ii. 271 
Ruby, ii. 252 
. balass, ibid. 
family, ill. 250 
occidental, iii. 2 
octahedral, ii. 252 
oriental, i. 254 
spinell, ili, 252 
Rum, i. 318 
Rust, i. 551 
Rutile, iii. 517 
Rutilite, iii. 521 
Rye, iv. 257 


S. 


Sacar-nambu, iv. 30 
Saccharine acid, i. 165 


Saclactates, 11. 183 

Saclactic acid, 1. 181 

Saffron, iv. 250 

of Mars, i. 384 

Sagapenum, iv. 165 

Sagenite, ili. 517 

Sago, iv. 77 

Sahlite, iii. 376 

Sal ammoniac, ii. 248 

secret, il. 415 
catharticus amarus, iil, 520 
de duobos, il. 438 
gem, ii. 249 
mirabile, 11.458 
polychrest Glaseri, il. 435 
perlatum, il. 455 
Salifiable bases, ii. 26 
Saline solutions, action of salt on, 
iii. 10] 
table of, 111. 94 
freezing of, 1. 48 

Saliva, iv. 306 
_ of the horse, iv. 508 

Salivary concretions, iv. 560 

Salop, iv. 77 

Salsola, 1.336 . 

Salt, i. 339, and iil. 426 
arsenical, neutral, il. 438 
its action on saline solu- 

tions, ili. LOL 
digestive, of Sylvius, il. 442 
diuretic, ibid. 
Epsom, ii. 520 
febrifuge, 1. 331 
essential of lemons, 11. 444 
essential of wine, ii. 442 
Glauber’s, ii. 458 
microcosmic, 11. 457 
narcotic, 1. 241 
of amber, ii. 150 
of Saturn, ii. 615 
of Seignette, 11. 466 
of Sylvius, i, 331 
of tartar, 11. 436. 
of wood-sorrel, il, 444 
perlated, ii. 455 
Rochelle, 1. 466 
rock, 1. 339 
sea, ibid. 
sedative, 1. 241 
Seydler, ii. 520 
petre, 11. 424 
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Salt, rock, iii. 496 


sulphureous, of . Stahl, ii. 


437 
Salts, ii. 407, and iii. 4.24. 
calcareous, ii. 383 
compound, ii. 408 
neutral, ibid. 


“ nomenclature, ii. 409 


simple, ii. 408 


solubility in alcohol, ii. 335 
solubility in water, iii. 92 


triple, ii. 409 


food of plants, iv. 319 


Sandarach, iv. 133 

Sandstone, iii. 570 

Sap of plants, iv. 206 
motion of, iv. 327 


transpiration of, iv. 338 
Saponaceous matter of putrefac- 


tion, iv. 634: 
Saponules, ii. 368 
Sappare, iii. 372 
Sapphyr, iii. 253 

oriental, ibid. 


occidental, iti, 260. 


Sarcocoll, iv. 31 
Saturation, iii. 89 
Saturn, i. 443 
salt of, ii. 615 
sugar of, ibid. 
extract of, ii, 617 
Saussurite, iii, 327 
Savonule, ii. 368 
Scales of fish, iv. 463 
serpents, ibid. 
Scammopny, iv. 166 
Scapolite, iii. 335 
Schalstone, iii, 410 
Shaumearth, iii. 385 
Scheelium, i. 570 
Schiefer spar, iii. 384 
Schillerstone, iii. 373 
Schillitin, iv. 52 
Schmeltzstein, iii. 322 
Schorl, iii. 269 
common, ill. 270 
red, iii. 271 
white, iii. 339 
Schorlous beryl, iii. 261 
Schorlite, iii. 261 
Schrifterz, iii, 44:1 
Schwarzgiltigerz, iii, 459 


Scorodite, iii. 487 
Scorpion, venom of, iv, 533 
Sea-froth, iil, 356 : 
salt, 11, 249 
salt, regenerated, ibid. 
wax, li. 397 
Sebacic acid, ii, 149 
Secretions, morbid, iv, 583 | 
Sedative salt, i. 24) 
Seeds of plants, iv. 255 
Selenite, il. 485, and iii. 405 
Seleniates, ii. 125 
Selenic acid, i. 299, and ii. 194 
Selenium, i. 297 


chloride of, i, 300 
oxide of, i. 299 
phosphuret of, i. 303 
sulphuret of, ibid. 


Seleniuretted hydrogen gas, i. 301 

Semen, iv. 534 

Semiopal, iii. 302 

Senna, iv. 239 

Serosity, iv. 490 

Serpentine, iii. 361, 563 

Serum of blood, iv. 4.90 

Seydler’s salt, ii. 520 

Shale, iii. 346 

Shalstein, ii. 489 

Shells, iv. 453 
porcellaneousg, ‘iv, 453 
mother-of-pearl, iv. 454 
of eges, iv. 456 

Shistus, argillaceous, iii, 347 

Siberite, iii. 27] 

Siderocalcite, iii, 397 

Siderum, i. 398 

Sienite, ili. 565 

Silberkupperglanz, iii, 4.50 

Silicious stalactite, iii. 300 

Silica, i. 248, and ii. 102 


composition of, i. 250 


Silicated potash precipitates gum, 
iv 37 

Silicon, i. 24.8 

Silk, iv. 483 

Silver, i. 4.94 


alloys of, i. 500, 516, 528, 
582, 535, 589, 557, 568, 
573 

salts of, ii. 664 

acetate, ii, 674 

amalvam of, iii. 443 
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Silver, antimonial, 1. 448 
antimonial sulphuret, ii. 
448 
arseniate, il. 672 
arsenical silver ore, 11. 448 
arsenite, ll. 673 
auriferous, ll. 447 
benzoate, il. 674 
bismuthic, iil. 448 
borate, 11. 668 
carbonate, ii. 668, and iil. 
4.55 | 
chlorate, ii. 237 
chloride, 1. 496 
chromate, il. 673 
citrate, it. 675 
coins, purity of, i. 502 
fluate, 11. 285 
fulminating, ii. 33 
glance, iil. 449 
horn, i. 496, and iil. 454 
hyposulphite, il. 670 
iodate, il. 274 
iodide, 1. 498 
lactate, ii. 675 
malate, ibid. 
mellate, ibid. 
molybdate, ii. 674 
rmuriate, 1. 496 
native, ill. 447 
nitrate, il. 665 
nitrite, 11. 667 
ores of, iii. 447 
ores, analysis of, 111. 603 
oxalate, il. 674 
oxides, 1. 495 
phosphate, i. 669 
phosphuret, 1. 499 
red ore, il. 451 
saclactate of, 11. 675 
seleniate, ii. 672 
seleniuret, 1.500 ° 
soap, il. 718 
‘succinate, ii. 674 
sulphate, 11. 669 
sulphite, il. 670 
sulphuret, 1. 499, and iil. 
4.49 
tartrate, it. 674 
white ore, iil. 450 
Silvery chalk, iil. 385 
Simple combustibles, 1.215 


u 
{ 


| Simple incombustibles, 1. 202 

substances, 1. 11 
supporters, 1, 173 

| Sinovia, -iv. 832° 

| Size, iv. 397 

Skin, iv. 469 

whether it absorbs, iv. 623 

| Skolezite, iil. 316 

| Slate, adhesive, iil. 343 

drawing, iit. 346 

polishing, il, 343 

whet, iit. 34:7 

t 

: 


clay, ili. 342 
spar, 11, 384 
Smaragdite, il. 373 
Soap, il. 711 
hard, ii. 712 
soft, 1. 714 
Starkey’s, ii. 368 
| Soaps, alkaline, it. 711 
earthy, il. 716 
metallic, ii. 717 
Soda, 1. 336 
! composition of, i. 338, and 
ii. 56 
salts of, ii. 450 
acetate of, 11.464 
ammonio-phosphate, li. 457 
arseniate, ii. 462 
arsenite, li. 463 
benzoate, li. 464 
bisulphate, i. 460 
borate, i. 453 
camphorate, il. 465 
carbonate, ii. 451, and i. 
ADs 
citrate, i. 467 
chlorate, li. 233 
chromate, ii. 463 
fluate of, 1. 281 
fluosilicate, 11. 288 
hydriodate, il. 277 
hydrosulphuret, ii. 699 
hypophosphite, ii. 458 
hyposulphite, il. 451 
jodate, il. 273 : 
lactate, 11. 468 
malate, ibid. 
mellate, ii. 466 
molybdate, il. 465 
muriate, i. 339, and ii. 249, 
and il, 426 
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Soda, nitrate, il. 45, 
oxalate, 11. 4.65 
phosphate, i1. 455 
phosphite, 1. 458 
saclactate, il. 467 
seleniate, 11, 462 
Silicate, 11. 455 
soap of, ii. 712 
sub- borate, i ii. 454 
suberate, iil. 465 
succinate, ibid. 
sulphate, ii. 458, 

425 | 
sulphite, 11. 461 
tartrate, il. 466 
tungstate, 11, 463 
urate, 11. 468 
how extracted from common 

salt, ii, 249 

Sodalite, iii. 337 

Sodium, i. 336 

alloys of, i. 342, 402, 

436, 450, 460, 469, 
491, 509, 525, 556 

peroxide of, 1.338 

chloride of, i. 339 

iodide of, i. 341 

phosphuret of, i. 342 

sulphuret of, ibid. 
arsenuret of, ibid. 

alloy with potassum, ibid. 

action of on ammonia, ii. 


and iil. 


30 
Soil, iv. 316 
Solids, iii. 106 
table of, iii.:126 
expansion of, i. 34 
conversion into liquids, i. 
46 . 
specific gravity of, iii. 127 
Solution, iii. 92 
Sommite, iii, 339 
Sorbic acid, ii. 191 
Sory, ii. 553 
Sowans, iv. 78 
Spar, ponderous, iii, 413 
fluor, iii. 403 
calcareous, ili. 887 
thomb, ili. 394 
Sparry i iron ore, lil, 484 
Spath perlé, tii. 397 
Specific caloric, i. 96 
Specificum purgans, ii. 435 
7 
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Spectrum, prismatic, i. 16 
Specular iron ore, iii. 476 
Spelter, i. 430 
Spermaceti, ii. 386 
oil, iv. 4.34 
Sphene, iii. 521 
Spherulite, i iii. 308° 
Sphragid, iii. 357 : 
Spiders’ webs, iv. 486 
venom, iv. 533 
Spinell, iii. 252 
Spirit of nitre, ii, 82 
mindererus, ii. 419 
sal ammoniac, ii. 27 
salt, 11. 242, 521 
urine, li. 27 
wine, ii. 318 


| Spirit, proof, ii. 331 


Spirits, ardent, ii, 318 
rectified, ibid. 
Spleen, calculi from, iv, 562 
Spodumene, iii. 334 
Sponges, iv. 460: 
Spreustein, iii, 336 
Squills, iv. 282 
Stalactite, siliceous, iii. 300 
Starch, iv. 69 
plants containing it, ibid, 
potatoe, iv. 77 
Starchy fibrous matter, iv. 264 
Staurolithe, tii. 286 
Staurotide, ibid. 
Steam, ii. 12 
elasticity of, i. 61 
latent heat of, i. ‘71 
Stearin, ii. 381 
Steatite, iii. 359 
Steel, 1, 390 
natural, i. 394 
of cementation, i. 394 
cast, ibid. 
tempering, i. 
Steinheilite, i ili. 267 
Stibium, i, 549 _ 


385 


| Stilbite, iii. 318 


Stilpnosiderite, iii. 480 
Stinking sulphureous air, i. 289 
Stones, analysis of, iil. 592 
saline, iii. 381 
earthy, 11. 244 
from the atmosphere, iit. 
184 . 
vitrifiable, i, 248 


Storax, iv. 
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Strahlstein, 11. 368 
Strahlerz, iii. 469 


Strontian, 


i. 359, and ii. 69 
salts of, 11. 508 
acetate of, 11. 513 
arseniate, ii. 512 
arsenite, ibid. 
benzoate, ii. 513 
borate, 11. 510 
carbonate, ii. 509, and 
ii. 414 
chlorate, 11. 235 
chromate, il. 512 
citrate, 1. 514 
fluate, il. 282 
hydriodate, i. 278 


Succinic acid, ii. 150 
Sugar, iv. 81 
acid of, 11, 165 
alcohol from, iv. 376 
of Botany Bay, iv. 27 
- cane, juice of, iv. 23 
liquid, ibid. 
of beet, iv. 23 
of diabetic urine, iv. 426 
of figs, iv. 24 
of grapes, ibid. 
of lead, ii. 615 
of milk, iv. 423 
of mushrooms, iv. 27 
of starch, iv. 25 
of Saturn, 11. 615 
plants containing, iv. 29 


hydrosulphuret, 11. 700 Sulphate of cobalt, iii. 510 


hypophosphite, i. 511 
hyposulphate, il. 512 


hyposulphite, 1. 511 
jodate, i. 274 


lactate, 1. 514 
malate, ibid 
muriate, 1. 362 
nitrate, ii. 508 
oxalate, il. 513 
phosphate, ii. 510 
seleniate, il. 512 
silicate, 11. 510 
succinate, 11. 513 
sulphate, ii. 511, and ii. 
414 
sulphuret, 11. 71 
tartrate, 11. 514 
urate, ibid. 
water, 11. 68 


Strontianite, i. 414: 
Strontites, 1.59 _ 
Strontium, ibid. 


oxide of, 1. 361 
chloride of, i. 362 
iodide of, 1. 363 


Strychnia, ii. 42 


Styrax, iv. 


muriate of, 11.253 
salts of, 11. 4°74 
156 


Suber, iv. 178 
Suberic acid, -11. 157 
Suberin, iv. 179 
Subsalts, ii. 409 
Subsoap, ii. 368 
Succinates, ii. 151 


indigo, iv. 85 
lead, iil. 539 
zinc, ll. 526 
Sulphates, ii. 117 
Sulphites, 1. 120 
Sulphochyazates, ii. 306. 
Sulphochyazic acid, ii. 302 
Sulphur, 1.277, and iii. 427 
auratum, 11. 708 
chloride of, 1, 287 
iodide of, 1. 288 
flowers of, i. 278 
combustion of, 1. 279 
in animals, iv. 439 
native, lil. 427 
Sulphureous salt of Stahl, ii. 437 
Sulphuret of ammonia, ii. 30 
antimony, 1. 558 
arsenic, 1. 311) 
barytes, il. 66 
bismuth, i. 478 
carbon, 1. 293 
cerium, 1. 425 
cobait, 1. 413 
copper, i. 468, -and 
ii. 449 
gold, 1. 508 
iron, 1. 398 
lead, 1. 449 
lime, ii. 61 
magnesia, li. 69 
manganese, 1. 42] 
mercury, 1.488 
molybdenum, i, 566, 
and il. 513 
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Sulphuret of nickel, i. 409 
palladium, i. 531 
phosphorus, i. 295 
platinum, i. 523 
potash, ii. 52 
selenium, 1. 303 
silver, i. 499 
soda, il, 54 
strontian, ii. 69 
tin, 1. 457 
tungsten, i. 572 
uranium, 1. 428 
zine, 1.435. 
Sulphuretted chyazic acid, ii. 302 
hydrogen gas, i. 289 
alcohol, ii. 334 
Sulphurets, table of, i. 549 
metallic, ibid. 
Sulphuric acid, i. 281, and ii. 113 
phlogisticated, 1i. 
117 
in animals, iv.440 
Sulphurous acid, i. 279, and ii. 
119 
Sulphurs, i. 286 
Sumach, iv. 229 
Sun, nature of, i, 125 
a source of heat, ibid. 
heat of its rays, i. 127 
Supersalts, ii. 409 
Supersulphuret of iron, i. 399 
lead, i. 449 
Supporters of combustion, i. 173 
Surface of minerals, iii, 238 
Surturbrand, iii. 431 
Swamp ore, ili. 482 
Sweat, iv. 530 
Sweet-flag, iv. 225 
Swimming bladders of fishes, air 
contained in, iv. 533 
Sylvanite, i. 313 
Syrup, iv. 18 


T 


Tablespar, ii. 482, and iii. 410 
Tacamahac, iv. 134 
Tale, iii. 363 
Venetian; ibid. 

Talcite, iii. 363 
Tallow, iv. 431 

mineral, ii. 397 
~ Tamarinds, iv. 275 
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Tannin, i. 207 
artificial, ii. 220 
natural, i. 209 
species of, iv, 9 
Tanning, iv. 470 
Tantalite, iti. 504 
Tantalam, i. 574 
alloys of, i. 577 
ores of, it, 503 
: oxide, 1.575 
Tapioca, iv. 78 
Tar, mineral, ii, 398 
Tartar, 11.446 
cream of, ibid. 
vitriolated, it. 435 
chalybeated, ii. 565 
emetic, 11. 690 
regenerated, il. 442 
of the teeth, iv. 508 
secret foliated earth of, ii. 
442 
salt of, 1. 328 
soluble, ii. 446 
Tartaric acid, ii. 173 
plants containing it, 
iv. 4 
Tartarin, i. 328 
Tartrates, ii. 175 
Tears, iv. 514 
Tectum argenti, 1.475 
Teeth, iv. 452 
Telesia, iti, 254: 
Tellurates, ii. 687 - 
Telluretted hydrogen gas, i, 315 
Tellurium, 1.313 | 
chloride of, i. 315 
iodide, 1.315 
salts of, ii. 686 
muriate of, ii. 688 
native, lil. 441 
nitrate, 11.688 
ores of, tii. 441, 614 
oxides of, i. 314 
seleniuret, i. 316 
sulphate, ii. 689 
sulphuret of, i. 316 
Temperature at which bodiesburn, 
1.145 | 
Tempering of steel, i. 385 
Tenacity, iii. 242 
Tendons, iv. 473 
Tennantite, iii. 459 


Terra ponderosa, i. 352 
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Thallite, ii. 274 
Thermometer explained, i. 37 
differential, i. ‘77. 
varieties of, 1. 38 
Thermoxygen, i. 137 
Thorina, i. 377, and ii. 79 
Thorinum, i. 377 
Thummerstone, ili. 276 
Thus, iv. 131 — 
Tile ore, iii. 463 
Tin, 1. 452 
alloys, i. 459, 4°72, 493, 502, 
513, 526, 532, 557, 567, 
573 
salts of, 11. 624 
acetate, 11. 628 
arseniate, ibid. 
benzoate, 11. 629 
borate, 11. 626 
carbonate, 11. 626 
chlorites, 1.455 
fluate, 11. 284 
hydrosulphurets, 11.707 
hyposulphite, il. 628 
iodide, 1. 456 
muriate, 11. 263 
nitrate, 11.625 
ores, il. 514 
ores, analysis of, ii. 609 
oxalate, 11. 629 
oxides of, 1. 4.52 
phosphate, 11. 627 
phosphuret, i. 457 
pyrites, 01.515 
seleniate, 11. 628 
seleniuret, i. 4.59 
stone, li. 515 
succinate, 11. 629 
soap, ul. 717 
sulphate, ii. 627 
sulphite, ii. 628 
sulphuret, 1. 457 
tartrate, li. 629 
Tincal, 11. 454 
Tinfoil, 1. 452 
Tinning, 1. 474 
Tinplate, i. 460 
Tinstone, ii. 515 
Titaneous iron ore, ill. 477 
Titanite, ii. 517, 521 
Titanium, 1. 577 
brown ore of, 111. 521 
carbonate, U. 694 
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| Titanium, muriate, ii, 693 


nitrate, ibid. 
ores of, iii. 517, 617 
oxides of, i. 579 
oxalate, ii. 694 
salts of, ii. 692 
silicate, ili. 521 
sulphate, ii. 693 
tartrate, ibid. 
Tobacco, iv. 241 
Tolu, balsam of, iv. 154 
Tombae, white, i. 469 
Topaz, itl. 260, 378 
occidental, ibid. 
oriental, ili. 253 
Topaz rock, 11. 563 
Saxon, iii. 260 
Tortoise-shell, iv. 462 
Touchstone, ii. 296 
Tourmaline, iii. 269 
Tourquois, ii. 259 
Trachee, iv. 332 
'Tragacanth, iv. 64 
Train oil, iv. 432 
Transparency, ili, 241 
Transpiration of plants, iv. 338 
Traps, primitive, ti. 561 
floetz, ili. 575 
transition, tii. 568 
Tremella nostoc, iv, 297 
Tremolite, 111, 370 
Triphane, 1. 334 
Tripoli, iil. 344 
Trona, ti. 452 
Truffles, iv. 295 
Tube of safety, il. 82 
Tungstate of lime, ui. 411 
Tungstates, il. 132 
Tungsten, i. 569, and iil. 411 
alloys, 1. 573 
ores of, 111. 616 
oxides of, 1. 570 
Tungstic acid, i. 571, and ii. 132 
Turmeric, iv. 223 
Turpentine, iv. 131 
Turpeth mineral, ii. 660 
Type metal, i. 557 
U 
Ulcers in plants, iv. 301 
Ulmin, iv. 45 
Umber, iii. 483 
Uran mica, ili. 499 
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Uran ochre, tii. 499 
-Uranitic ochre, ibid. 
Uranium, i. 425 
| ores of, iii. 498, 617 
oxides of, i. 427 
salts of, ii. 588 
acetate, 11. 591 
arseniate, ibid. 
muriate, ii. 261 
nitrate, ii. 588 
oxides of, i. 427 
phosphate, ii. 591 
seleniate, ii. 591 
sulphate, ii. 590 © 
sulphuret of, 1.428 
tartrate, ii. 592 
Urates, ii. 186 
Urea, iv. 419 
Uric acid, ii. 184 
sublimate from, ii. 186 
Urine, iv. 539 
fusible salt of, ii. 457 
spirit of, ii. 27 
changes produced on, by 
diseases, iv. 547 
of the ass, iv. 549° 
camel, iv. 550 
castor, iv. 552 
cow, iv. 549 
fowls, iv. 552 
guinea-pig, iv. 551. 
horse, iv. 548 
insects, iv. 552 
lion, iv. 551 
rabbit, ibid. 
sow, ibid. 
tiger, ibid. 
saponaceous extract of, iv. 
419 | 
Urinary calculi, iv. 568 
of inferior. ani- 
mals, iv. 580 


V 


Valerian, iv. 223 
Vapour, explained, 1. 57 — 
elasticity of, 1. 61 
state of, in the atmo- 
sphere, ii. 175 
Vapours, nature of, ill. 27 
specific gravity of, 1. 67 
Varec, i. 336 
Variegated copper ore, ill. 457 
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Variolite, iii, 327 


| Varnish of silk, iv. 484 : | 


Varnishing, iv. 138 
Vegetable substances, iv. 1 
Vegetables, ibid. : 
ingredients of, iv, Z . 
decomposition of, iv. G 
SB 2ick 
gas from, 1. 240 
Vegetation, iv. 303. | 
Veins, iii. 580 
Venus,‘ ii. 630 
salts of, ibid. 
Verdigris, ii. 643 
Verjuice, iv. 25 
Vermillion, 1. 489 
Vessels of plants, iv. 331 
Vesuvian, 111. 277, 279 
Vinegar, 11. 136 
distilled, ii. 138 
radical, i. 136 
of Venus, ii. 138 
Viper, poison of, iv. 531 
Vital air, i. 177 
Vitreous copper ore, lil. 456 
electricity, 1. 164 
humour of the eye, iv. 
520 
silver ore, ili. 449 
Vitriol, green, ii. 553 
blue, ii. 634 
white, il. 596 
Vitriolic acid, ii. 111 
Volatile and volatilization, 1. 278, 
. and ii. 155 
liniment, i1.'715 
Volcanite, iii. 376 
Volta’s eudiometer, iil. 170 ) 
Vulpinite, ili. 407 
WwW 
Wacka, iii. 380 
Walton mineral, 11. 88 


Wash, iv. 374 
Wasp, venom of, iy. 533 


‘Wasserblei, i. 513 


Water, i.218, andi. 12 
boiling point of, as affect- 
ed by salts, 11.13 
as the food of plants, iv. 
312 
composition of, 1:218, and 
i. 17 


si sa 


a, INDEX. 


Water, decomposed byiron, i.383 | Woad, iv. 243 


of nitre, 11. 82 
expansion by cold, 1. 40 
sea, ui. 195 


specific gravity of, ii. 200 
in the atmosphere, ii. 174 


Waters, i1. 190 | 
acidulous, 11.212 
analysis of, 111. 216 
chalybeate, i. 213. 
common, iii. 191 
hepatic, ili. 213 
mineral, ii. 207 
table of, 111.215 
rain, ili. 191 
river, ili, 193 
saline, ili. 213 
snow, ill. 192 
spring, ili. 192 

Wavellite, iii. 420 

Wax, iv. 103 

Brazil, iv. 108. 
myrtle, iv. 107 
punic, iv. 105 


from rose and lavender oil, | 


iv. 108 
Wedgewood’s pyrometer, il. 75 
Weiserz, ill. 549 
Wernerite, ii. 336 
Wheat flour, iv. 256 
Whet slate, i. 34:7 
Whey, iv. 500 
Whisky, 1. 318 
White cobalt ore, 11. 505 
copper ore, lil. 458 
flowers, iv. 246 
gold ore, ili, 442 
lead, 1. 445 
lead ore, iii. 534: 
ore of antimony, ill. 546 
silver ore, iil. 450 
tombac, i. 469 
of eggs, iv. 504 
Willow, white, bark of, iv, 236 
Wine, iv. 379 
essential salt of, 1. 442 
its fermentation, iv. 380 
component parts, iv. 381 


Wines, table of their component | 


parts, iv. 383 
Wire gauze screen, i. 146 
Witherite, il. 412 


Wodan pyrites, 1. 414 
Wodanium, ibid. 
Wolfram, i. 569, and i. 492 
Wolframium, i. 570 
Wood, iv. 180, 217, 225 
opal, ili. 303 
rock, ili. 365 
tin, ili. 516 


Woods, conducting power of, 1.89 


Woodstone, ili. 295 


| Wool, iv. 483 


Wort, iv. 369 


| Wormwood, iv. 240 


Y 


| Yanolite, ili. 276 

| Yeast, iv. 371 

| Yenite, ii. 490 | 

| Yellow earth, iil. 354 


cobalt, ochre, ili, 509 
acid, iv. 466, 
flowers, iv. 246 
ore, ill. 4492 
Yolk of egg, iv. 504 
Yttria, i. 368, and ii. 73 
salts of, ii. 528 
acetate of, 11. 531 | 
arseniate, 11. 536 
carbonate, iv. 529 
chromate, ii. 530 
fluate, 11. 282 
hydrosulphuret, ii. 700 
muriate, 1. 254 
nitrate, 11. 529 
oxalate, 11. 531 
phosphate, 11. 529 
seleniate, il. 530 
succinate, 1. 531 
sulphate, 11. 530 
tartrate, 11. 531 
Yttrium, i. 368 
Yttrocerite, ii. 502 
Yttrotantalite, ili, 504 


Z 


Zeolite, il. 314 


- foliated, i. 318 
Zimome, iv. 92 
Zinc, 1. 429 


i 


INDEX. 


Zinc, alloys, 1. 436, 451, 460, 470, | Zine, oxalate, ii. 599 


492, 501, 511, 525, 556, oxide of, i, 432 

567 : phosphate, ii. 594 
salts of, ii. 592 phosphuret, i, 434 
acetate, il. 598 | red ore, iii, 515 
antimoniate, ibid. seleniate, ii. 597 
arseniate, ii. 598 | silicate, ii. 594 
benzoate, ii. 599 soap of, ii.’717 
borate, ii. 594 succinate, ii, 599 
butter, i. 433 sulphate, ii. 595 
carbonate, ii: 593 sulphite, ii. 597 

anhydrous, iii. 525 sulphuret, i, 435 
hydrous, iii. 526 tartrate, ii. 599 i 

chlorate, ii. 236 tungstate, ii. 598 
chloride, i. 433 Zircon, i. 375, and iii. 248 
chromate, ii. 598 Zirconia, i. 376, and ii. 78, 545 
citrate, ii, 599 acetate, il. 54:7 
flowers of, i. 432 borate, ii. 546 
fluate, ii. 284 carbonate, ii. 546 
hydriodate, ii. 278 ~ fluate, ii. 283 
hydrosulphuret, ii. '707 muriate, ii. 255 
hyposulphite, ii. 597 nitrate, ii. 546 
lodate, ii, 274: phosphate, ii. 547 
lodide, i. 4:34 seleniate, ibid, 
lactate, ii. 599 sulphate, ibid. 
malate, ibid. sulphite, ibid. 
molybdate, ii. 598 Zirconium, i, 375 
muriate, ii. 261 Zoisite, tii, 274 
nitrate, ii. 592 Zoophites, iv. 4.57 
ores of, iii. 521 Zumic acid, ii, 202 


ores, analysis of, ili. 612 


THE END. 


C. Baldwin, Printer, 


New Bridge-street, London. 
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